APPENDIX A 

(CLEAN VERSION OF SUBSTITUTE SPECIFICATION EXCLUDING CLAIMS) 



HEAT-RESISTANT REFLECTING LAYER, LAMINATE FORMED OF THE 
REFLECTING LAYER, AND LIQUID CRYSTAL DISPLAY DEVICE HAVING 
THE REFLECTING LAYER OR THE LAMINATE 



BACKGROUND OF THE INVENTION 



[0001] The present invention relates to a highly heat- 
resistant reflecting layer, which is used for producing a 
reflector or a reflective wiring electrode of a liquid 
crystal display device, a reflecting layer for building 
glass, a laminate, or a liquid crystal display device. 
More particularly, the present invention relates to an Ag- 
alloy reflecting layer that has a high reflection index, a 
laminate formed by the reflecting layer, and a liquid 
crystal display device having the reflecting layer or the 
laminate . 

[0002] Various materials are used for reflecting layers 
including a reflecting layer for producing a reflector or 
a reflecting ;<*iring electrode of a liquid crystal display 
device and a reflecting layer for building glass that 
reflects infrared rays and heat rays. In addition, 
laminates of the reflecting layers are developed to 
increase the reflection index and to improve the 
functionality of the products. The products of the 
reflecting layers, which have improved characteristics, 
have been used in various fields and for various 
applications . 

[0003] Typical materials for the reflecting layers are Al, 
an Al alloy that includes Al as its main component, Ag, an 
Ag alloy that includes Ag as its main component (such as 
Ag-Pd), and an Au alloy. The reflecting layers formed of 
such materials have high reflection index in the optical 
wavelength regions from 400 to 4000 nm, which include both 



visible and infrared regions. 

[0004] Al has high reflection index and is very inexpensive 
and useful. Al and an Al alloy are usually used for the 
5 reflector and the reflective wiring electrode of 

ref lection-type liquid crystal display devices. Such 
liquid crystal display devices are used for portable 
terminal devices such as cellular phones. When an Al alloy 
is used, problems associated with pure Al such as 
10 irregularities in the layer, which are called hillocks, 
and deterioration of the face of the reflector and the 
reflective wiring electrode can be overcome* When the 
reflection index of the reflector and the reflective 
wiring electrode is high, the electric power sent to the 
15 light source is reduced and the illuminance of the liquid 
crystal display device increases by about 20 %. 

[0005] Ag has the highest reflection index among many metal 
elements in the optical wavelength regions from 400 to 
20 4000 nm. Therefore, Ag has good characteristics for a 
reflecting layer. 

[0006] Among visible rays, infrared rays, and ultraviolet 
rays that are emitted from the sun, Al, Al alloy, Ag, and 

25 Ag alloy transmit the visible rays and reflect the 

infrared rays and heat rays. The visible rays have direct 
relation with lighting. The reflection of the infrared 
rays and the heat rays is effective to prevent the outside 
rays from coming into a room. Therefore, the above 

30 materials are used for building glass such as windowpanes. 

[0007] However, conventional reflecting layers formed of'Al, 
Al alloy, Ag, Ag alloy including Ag-Pd, Au, Au alloy, and 
reflectors, reflective wiring electrodes, and building 
35 glass that are formed of the reflecting layers have the 
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following problems. 



[0008] Al and an Al alloy are chemically unstable, A liquid 
resist, which is made of organic material, is applied to 
5 the Al layer or the Al alloy layer, and a pattern is 

formed on the layer. When the patterned layer is washed 
with an alkali solution to remove the resist, the surface 
of the layer may become rough and lowering of the 
reflection index or scattering of the light on the surface 

10 may occur. In addition, Al may react with gas generated 
from a resin substrate when used with a resin substrate 
such as PMMA (polymethyl methacrylate) and silicone, Al 
can be used only with substrates that generate little gas 
and thus limits materials available for the substrates . 

15 There is a problem of chemical stability in Al-containing 
reflecting layers and resin substrates when they contact 
each other in use. 

[0009] Al and Al alloy have greater optical absorptivity 
20 than Ag and Aj^ alloy. Therefore, semi-transmissive 

reflecting layer formed of Al and Al alloy suffers optical 
loss. 

[0010] Al/ an Al alloy, Ag, and an Ag alloy have poor heat 
25 resistance. Diffusion of atoms is likely to occur on the 
surface of a reflecting layer formed of such materials in 
given temperatures. Particularly, Ag has high self- 
diffusion energy for heat and it changes over time when 
heat is applied. When heat causes the temperature of the 
30 reflecting layer to rise to about 100 "C, even if 

temporarily, diffusion of atoms will occur on the surface 
of the layer and the layer will lose luster and become 
dull. In other words, Ag's characteristic feature of high 
reflection index is impaired. Therefore, it is necessary 
35 to limit the temperature during the manufacturing process 
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of a reflector for a liquid crystal display device when it 
is formed of Al or Ag. Further, an Al or Ag reflecting 
layer for building glass is thermally instable and 
chemically varies (e.g. changes in color) when exposed the 
warm air in summer* 

[00113 Al, Al alloy, Ag, and Ag alloy vary greatly over time 
with heat so that such materials cannot be exposed 
directly to air. Therefore, to ensure material stability 
of the reflecting layer, a heat-resistant protective layer 
such as ZnOs or a ZnOa-AljOg composite oxide is generally 
needed. 

[0012] The reflecting layers formed of Al, Al alloy, Ag, 
and an alloy have very poor adhesion toward some 
substrates. In such combinations, the reflecting layer 
separates from the substrate immediately after it is 
deposited or after it is left on the substrate for a long 
time. To improve adhesion between the reflecting layer and 
the substrate, various base films must be positioned 
between them. 

[0013] The reflection index of Ag or Ag alloy is the highest 
in visible regions, i.e., the optical wavelength regions 
from 400 to 800 nm. However, in the wavelength regions 
below 450 nm, the absorptivity and absorption coefficient 
of Ag increase and the intensity of yellow reflected light 
is increased. Accordingly, a liquid crystal display device 
formed by a Ag-containing reflecting layer and a portable 
terminal device including the liquid crystal display 
device have a poor appearance and become yellow over time. 

[0014] Further, Ag is not superior in weather resistance. 
When left in the air, Ag absorbs moisture (especially 
water) in the air and turns yellow. Long after an Ag- 



containing reflecting layer is formed on the glass 
substrate or the resin substrate, Ag'^s characteristic 
feature of high reflection index is impared- 

[0015] An Ag-Pd alloy including Ag and 1-3 wt% Pd, an Ag-Au 
alloy including Ag and 1-10 wt% Au, and an Ag-Ru alloy 
including Ag and 1-10 wt% Ru are well known as binary Ag 
alloys that have high corrosion resistance and high heat 
resistance. However, black stains are observed even in the 
alloy layers formed of these Ag alloys when a weatherproof 
test is conducted under high temperature and high humidity 
conditions. It is comfirmed under an optical microscope 
that the black stains are portions that turned black and 
were caused to protrude after Pd reached a limitation of 
solid solution with respect to H2 dissolution. When used 
as building glass, the above binary alloy lacks long-term 
stability in humid regions or when exposed to condensation 
droplets . 

[0016] Ag-Au a^loy is well known as a stable alloy in which 
Ag and Au are perfectly mixed in solid states. The 
resistance of the Ag-Au alloy to halogen elements such as 
chlorine is not excellent. The Ag-Au alloy binds to 
chlorine or iodine in the air, which is introduced during 
the test, at atomic level, and produces the black stains. 

[0017] Aside from Al and Ag, Au is also known for its high 
reflection index. However, Au is very expensive and 
impractical to use for the reflector of a liquid crystal 
display device or the reflecting layer for building glass . 

SUMMARY OF THE INVENTION 

[0018] It is an object of the present invention to provide a 
reflecting layer that maintains a high optical reflection 



index, which is characteristic of Ag, and has improved 
material stability including heat resistance and weather 
resistance. 

[0019] It is another object of the present invention to 
provide a laminate including a coating layer that allows 
the laminate to maintain the high optical reflection index 
of an Ag-containing reflecting layer and to have lower 
absorptivity at short wavelengths. 

[0020] It is yet another object of the present invention to 
provide a laminate including a base film that enhances 
adhesion between an Ag-containing reflecting layer and a 
substrate • 

[0021] It is a further object of the present invention to 
provide a liquid crystal display device having the 
reflective layer or the laminate described above. 

[0022] A reflecting layer of the present invention 
comprises Ag as a main component a 0.1-3.0 wt% first 
element selected from the group consisting of Au, Pd, and 
Ru, and a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo^ Ni, Al, Nb, Au, Pd, 
and Ru. The second element is different from the first 
element . 

[0023] One laminate comprises a substrate and a reflecting 
layer deposited on the substrate. The reflecting layer 
includes Ag as a main component, a 0.1-3.0 wt% first 
element selected from the group consisting of Au, Pd, and 
Ru, and a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 
and Ru. The second element is different from the first 
element . 



[0024] Another laminate comprises a substrate^ a base film 
deposited on the substrate^, and an Ag-containing 
reflecting layer deposited on the base film. The base film 
5 is made of at least one of Si, Ta, Ti, Mo, Cr, Al, ITO, 
ZnOj, Si02/ TiOs, TajOs, ZrOg, InjOg, SnOjr NbjOs, and MgO. 

[0025] Yet another laminate comprises an Ag-containing 
reflecting layer and a coating layer deposited on the 
reflecting layer. The coating layer includes In203 as a 
main component and at least one of SnOg, NbjOj, SiOj, MgO, 
and TasOs- 

[0026] A liquid crystal display device including the 
reflective layer or the laminate described above and a 
portable terminal device having the liquid crystal display 
device are also provided. 

[0027] Other aspects and advantages of the invention will 
20 become apparent from the following description, taken in 
conjunction with the accompanying drawings, illustrating 
by way of example the principles of the invention . 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0028]The invention, together with objects and advantages 
thereof, may best be understood by reference to the 
following description of the presently preferred 
embodiments together with the accompanying drawings in 
30 which: 

[0029] Fig. 1 is a perspective view of a portable terminal 
device including a liquid crystal display device. 



35 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0030] An Ag-alloy reflecting layer of the present invention 
comprises : 

[00311 i) Ag as a main component; 
5 [0032]ii) a 0.1-3.0 wt% first element selected from the 
group consisting of Au, Pd, and Ru; and 

[0033] iii) a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 
and Ru, wherein the second element is different from the 
10 first element. 

[00341 The addition of Au, Pd, or Ru to Ag improves the 
weather resistance of Ag under high temperature and high 
humidity conditions. Ag, which is the main component, has 

15 very high thermal conductivity and tends to absorb heat 

and is quickly saturated with heat at the atomic level. Au, 
Pd, and Ru decrease the thermal conductivity of Ag and 
inhibit movement among atoms. Au, Pd, and Ru form whole 
solid solution. The content of Au, Pd, and Ru is 

20 preferably from 0.7 to 2.3 wt%, most preferably 0.9 wt% . 

[0035] Cu, Ti, Cr, Ta, Mo, Ni, Al, and Nb, in combination 
with Au, Pd, and Ru, improve the heat resistance and 
weather resistance of the Ag-alloy reflecting layer. The 
25 content of Cu, Ti, Cr, Ta, Mo, Ni, Al, and Nb is 

preferably from 0.5 to 2.5 wt%, most preferably 1.0 wt%. 

[0036] Without Cu, Ti, Cr, Ta, Mo, Ni, Al, or Nb, two or 
more of Au, Pd, and Ru may be contained in the reflecting 
30 layer to improve the heat resistance and weather 
resistance of the reflecting layer. 

[0037] In the reflecting layer of the present invention, 
compared with reflecting layers of pure Al and pure Ag, 
35 movement of surface particles is poor. In other words, the 
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self-diffusion energy of Ag upon heating is reduced in the 
reflecting layer of the present invention. Accordingly, 
the reflecting layer of the present invention resists 
self-diffusion, which improves heat resistance of the 
reflecting layer. The reflecting layer is heated during 
the manufacturing process or under a certain weather 
condition. In the reflecting layer of the present 
invention, a decrease in the reflection index is prevented. 
Specifically, when the reflecting layer is heated over 
100 "C, a visual change in the reflecting layer (to a dull 
white color) due to self-diffusion and an increase in 
light absorption due to deformation of the surface are 
prevented. 

[0038] The reflecting layer of the present invention has 
high heat resistance, a high reflection index, and is 
stable when exposed to alkaline organic materials. Further, 
the reflecting layer is chemically stable to gas emitted 
from a resin substrate. High heat resistance and 
reflection in/Sex are required for a reflector or a 
reflective wiring electrode of the reflection-type liquid 
crystal display device and a heat-ray or infrared-ray 
reflecting layer for building glass. The reflecting layer 
of the present invention may be used for all of them. 

[0039] The reflecting layer of the present invention may be 
produced either by sputtering or by deposition. The 
reflecting layers of the present invention are stable 
regardless of its manufacturing process and have stable 
characteristics for various purposes and for many kinds of 
substrates . 

[0040] A coating layer, which is highly heat-resistant, may 
be laid on the Ag-containing reflecting layer. The coating 
layer includes InjOg as a main component and at least one 



of Sn02, NbsOs, Si02, MgO and TasOs- The reflecting layer 
may be of pure Ag or an Ag alloy. In either case, high 
reflection index of the reflecting layer is maintained and 
absorptivity at short wavelengths is reduced compared with 
5 a reflecting layer without a coating layer- 

[0041] The reflecting layer of the present invention, 
together with a resin substrate or a glass substrate, may 
form a laminate. When a resin substrate of specific purity 

10 or composition is used, a large amount of gas occurs. It 
is very likely that metal will react with the gas, and an 
unstable film, such as an oxide film, will form at the 
interface between the reflecting layer and the resin 
substrate. In this case, metal oxide is better than a 

15 metal element for preventing reductive reaction. To 
eliminate the above disadvantage, a base film for 
promoting adhesion may be placed between the reflecting 
layer and the resin substrate or the glass substrate. 

20 [0042] The base film for a glass substrate may include Si, 
Ta, Ti, Mo, Cr, Al, ITO (the composite oxide of In oxide 
and Sn oxide), ZnOj, SiOj, Ti02, TazOs, ZrOj, InjOs, SnO^r 
NbsOs, or MgO. 

25 [0043] A base film that is made of^ elemental metals such as 
Si, Ta, Ti, Mo, Cr, and Al may be formed by deposition (or 
evaporation), sputtering, CVD, or ion plating. These 
processes can be used consecutively in producing the base 
film and the Ag alloy reflecting layer, which facilitates 

30 the manufacture of the layers, 

[0044] A base film that is made of metal oxides such as ITO, 
Zn02, Si02, TiOa^ Ta^O^, ZrO^r InsOa, SnOg, NbsOs, and MgO may 
also be formed easily by deposition, sputtering, or ion 
35 plating. For example, when an IR reflecting layer for a 



windowpane is formed^ a layer of the uniform reflection 
characteristics may be formed by any of the above 
processes . 

[0045] When the base film is placed under the reflecting 
layer, thermal stability of the laminate is ensured. The 
optical characteristics of the laminate are maintained 
regardless of the types of reflecting layers (whether pure 
Ag or an Ag alloy) . Even when the coating layer is laid on 
the reflecting layer, the thermal stability of the 
laminate is still ensured and the optical characteristics 
of the laminate are maintained regardless of the types of 
reflecting layers . 

[0046] The glass substrates for liquid crystal display 
devices and the glass substrate for building glass are 
large in size. For such substrates, a fine structure and 
accurate surface profile across the thickness are very 
important for the formed layers. Therefore, sputtering is 
preferred. W^en the base film is formed by sputtering, the 
atmosphere in the sputtering device is evacuated to form a 
stable base film. When the resin substrate is used, gas 
occurs during the evacuation and the vacuum level is not 
raised. Therefore, for the resin substrate, the deposition 
process is preferred. 

[0047] The base film for the resin substrate especially 
requires chemical stability. Thus, the base film for the 
resin substrate is preferably a thin film of metal oxide. 
When used with the reflecting layer of the present 
invention, the base film for the resin substrate 
preferably includes ITO, ZnOj, SiOj, TiOj, Ta205, ZrOg, In203, 
SnOzf Nb205, or MgO, more preferably, ITO, ZnOs, SiOj, TiOs, 
TajOs, or ZrOj. 



[0048] To have the improved electrical characteristics of a 
reflective wiring electrode, a base film preferably 
includes a conductive metal oxide of ITO, ZrOj or a 
composite oxide about a thickness of 1-10 nm. This base 
film is highly insulative and volume resistivity of the 
laminate, which includes the Ag alloy reflecting layer and 
the base film, is substantially improved. Thus, the 
characteristics of the reflecting layer are maintained 
with the base film, 

[0049] To inhibit the deterioration of optical 
characteristics such as the reflection index and the 
refraction index, a base film preferably includes SiOg, 
TiOg^ TasOs, ZrOj, In203, SnOj, NbjOs, or MgO. Since SiOg 
absorbs less light at the optical wavelength regions from 
400 to 4000 nm, it can inhibit the deterioration of the 
reflection index due to the increase in absorptivity. 
Since TiOa, Ta205, ZrOj, InjOs, SnOg, NbsO^, and MgO have high 
refractive indices and low absorptivities, they are also 
preferred. 

[0050] When the base film is used, the degree of adhesion 
and the optical characteristics of the laminate are 
improved and the thermal stability of the laminate is 
maintained. The optical characteristics of the laminate 
are maintained regardless of the types of the reflecting 
layers (whether pure Ag or an Ag alloy) . Thus, the 
reflecting layers of the present invention achieve the 
best performance. 

[0051] As shown in Fig.l, a portable terminal device 1 
includes a liquid crystal display device 2. The liquid 
crystal display device 2 is formed by a reflector on a 
lower glass substrate, a color filter, a polarizing layer, 
a liquid crystal layer, a polarizing layer, a transparent 
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conductive layer, and an upper glass substrate^ which are 
laminated in order. The laminate of the present invention, 
which serves as the reflector, is protected from alkaline 
materials generated during the manufacturing process of 
the color filter. The laminate has a higher reflection 
index and a lower optical absorptivity than the reflector 
of pure Al or an Al alloy, and a liquid crystal display 
device 2 having the laminate suffers less optical loss. 
The brightness of a liquid crystal display device 2 having 
the laminate of the present invention is greater than that 
of a liquid crystal display device having the reflector of 
pure Al or Al alloy. A portable terminal device 1 having 
such a liquid crystal display device 2 has an improved 
display. Therefore, the quality of the product is improved. 

Examples 

Comparison 

[0052] Ag-alloy reflecting layers were produced from the 
binary Ag aiyoys. Binary means two elements, i.e., Ag as a 
main component and Au, Pd or Ru. The content of Au, Pd or 
Ru was 0.1-4.0 wt%. 



[0053] Firstly, an Ag target and a Pd target are installed 
in a magnetron sputtering apparatus. Electrical discharges 
to the Ag and Pd targets were controlled at the specific 
RF power. Ar (Argon) gas was selectively set within the 
range from 0.1 to 3.0 Pa. The two metal elements were 
simultaneously sputtered to form binary Ag-alloy layers 
that contain Pd at several different levels. Ag-alloy 
layers that contain Au or Ru at several different levels 
were also produced. 



[0054] Quartz substrates, which are 100 mmXiOO mmXl.l t 
in size, were used as a substrate. The temperature of the 
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substrates during the sputtering process was room 
temperature (about 25 °C) . Using Ar gas as an exclusive 
sputtering gas in an high vacuum atmosphere where the 
ultimate vacuum level was 3X10E-6 Pa, the Ag-alloy layer 
5 was deposited on the quartz substrate so that the 
thickness of the layer was 20 nm. 

[0055] The reason for depositing the Ag-alloy layer in the 
high vacuum atmosphere is to prevent impure gas from 
10 staying in the layer and to make the layer compact. Thus, 
the desired characteristics of the Ag-alloy material are 
ensured. 

[0056] The resultant Ag-alloy layers were kept on a hot 
15 plate for about 2 hours. Then the layers were observed. 

The presence or absence of visual change (to a dull white 
color) in the layer surface and the time when the visual 
change occurred were examined. The hot plate was heated to 
250 *C at a heating rate of 20 'C/min by resistance heating. 
20 The reflectipii index of the Ag-alloy layers before and 

after heating was also examined. The results are shown in 



Table 1. 

Table 1 



Material 
composition 
(wt%) 


Surface state of the layer 
after heating at 250 **C 


The time 
when the 
visual 
change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength of 800 nm) 


Ag 


dull white color over the 
surface 


100 ^'C 


-25 % 


Ag99.9Pd0.1 


dull white color over the 
surface 


100 


-22 % 


Ag99.5Pd0.5 


dull white color over the 
surface 


100 °C 


-22% 


Ag99.0Pdl.O 


dull white color over the 
surface 


120 "^C 


-21 % 


Ag98.5Pdl.5 


dull white color over the 
surface 


120 


-21 % 


Ag98.0Pd2.0 


dull white color over the 
surface 


130 "C 


-20 % 


Ag97,5Pd2.5 


dull white color at the 


150 "^C 


-7.4 % (unchanged region 
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middle portion 



was measured) 



Ag97.0Pd3.0 j weak white color around 
the middle portion 



150 X 



-6.5 % (unchanged region 
was measured) 



Ag96.5Pd3.5 



weak white color around 
the middle portion 



150 



-6.1 % (unchanged region 
was measured) 



Ag96.0Pd4.0 



weak white color around 
the middle portion 



150 °C 



-6.1 % (unchanged region 
was measured) 



Ag99.9Au0.1 



dull white color over the 
surface 



100 



-22% 



Ag99.5Au0.5 



dull white color over the 
surface 



100 ''C 



-22 % 



Ag99.0Aul.0 



dull white color over the 
surface 



120 



-21 % 



Ag98.5Aul.5 



dull white color over the 
surface 



120 *C 



-21 % 



Ag98.0Au2,0 



dull white color over the 
surface 



130 **C 



-21 % 



Ag97.5Au2,5 



dull white color at the 
middle portion 



150 °C 



-7.0 % (unchanged region 
was measured) 



Ag97.0Au3.0 



weak white color around 
the middle portion 



150 



6,5 % (unchanged region 
was measured) 



Ag96.5Au3.5 



weak white color around 
the middle portion 



150 



6.0 % (unchanged region 
was measured) 



Ag96.0Au4.0 



weak white color around 
the middle portion 



150 



-6.0 % (unchanged region 
was measured) 



Ag99.9Ru0.1 



du^ white color over the 
surface 



100 ""C 



-22 % 



Ag99.5Ru0.5 



dull white color over the 
surface 



100 "C 



-22 % 



Ag99,ORul.O 



dull white color over the 
surface 



120 °C 



-21% 



Ag98.5Rul.5 



dull white color over the 
surface 



120 ^ 



-20% 



Ag98.0Ru2.0 



dull white color over the 
surface 



130 °C 



-20% 



Ag97.5Ru2,5 



dull white color at the 
middle portion 



150 °C 



-7.4 % (unchanged region 
was measured) 



Ag97.0Ru3.0 



weak white color around 
the middle portion 



150 °C 



-6.5 % (unchanged region 
was measured) 



Ag96.5Ru3.5 



weak white color around 
the middle portion 



150 ''C 



6.1 % (unchanged region 
was measured) 



Ag96.0Ru4.0 



L 



weak white color around 
the middle portion 



150 "C 



-6.1 % (unchanged region 
was measured) 



[0057] As shown in Table 1^ the visual change in the layer 
surface was not inhibited in the binary Ag-alloy layers 
including Au, Pd^ or Ru as in the pure Ag layer. It was 
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supposed that these binary layers were not heat resistant 
and unstable when exposed to the outdoor temperatures and 
sun rays. The reflection index of the binary Ag-alloy 
layers after heating was improved by only 2 to 3 % 
compared with that of the pure Ag layer after heating. 
Therefore, no anti-surface diffusion effects due to the 
addition of Au, Pd, and Ru were confirmed. 

Example 1 
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[0058] Ag-alloy reflecting layers of the present invention 
were produced from the ternary Ag alloys. Ternary means 
three elements, i.e., Ag as a main component, a first 
element selected from the group consisting of Au, Pd, and 
15 Ru, and a second element selected from the group 

consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, and 
Ru. The second element is different from the first element 
The contents of the first element and the second element 
were 0.1-3.0 wt%. 



20 



25 



30 



[00591 Firstly, targets of Ag target, the first element, and 
the second element are installed in a magnetron sputtering 
apparatus. The three metal elements were simultaneously 
sputtered to form Ag-alloy layers. 

[0060] As in the Comparison, quartz substrates, which were 
100 mmXlOO mmXl.l t in size, were used as a substrate. 
The temperature of the substrates during the sputtering 
process was kept at room temperature (about 25 "C) . Using 
Ar gas as an exclusive sputtering gas in an high vacuum 
atmosphere where the ultimate vacuum level was 3X1GE-6 Pa, 
the Ag-alloy layer was deposited on the quartz substrate 
so that the thickness of the layer was 200 nm. 



35 [0061] The resultant Ag-alloy layers were kept on a hot 
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plate for about 2 hours. Then the layers were observed. 
The presence or absence of visual change (to a dull white 
color) in the layer surface and the time when the visual 
change occurred were examined. The reflection index of the 
5 Ag-alloy layers before and after heating was also examined. 
The results are shown in Table 2. 



/ 

/ 
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Table 2 



Material 
comp osition 


ouriac6 State oi tne 

iciyt^x ditcx xit;<xtxJULg 

250 °C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 

and after heating 
(wavelength of 800 nm) 


Ag99.8Pd0.lCu0.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.1Cul.5 


no change observed 


— 


-1.0 % 


Ag96.9Pd0.lCu3.0 


no change observed 


— 


-1.0 % 


Ag98.4Pdl,5Cu0.1 


no change observed 




-0.9 % 


Ag97.0Pdl.5Cul. 5 


no change observed 





-0.7 % 


Ag95.5Pdl.5Cu3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.OCuO. 1 


no change observed 




-1.0 % 


A^95 5Pd3.0Cul.5 


no change observed 




-0.5 % 


A<rQ4 nPd3 0Cu3 0 


no chan&re observed 




-0.4 % 


Aff99 SPdO.lTiO.l 


no change observed 




-1.1 % 


AsrQR 4PdO lTil.5 


no change observed 




-1.0% 


AaQfi 9PdO lTi3.0 


no change observed 




-1.0 % 


A<rQ« 4Pdl STiO.l 


no change observed 




-0.9 % 


Ao-QV nPdl 5Til 5 


no chancre observed 




-0.7 % 


Ao-Qf^ *iPHl 5Ti3 0 


no chancre observed 




-0.7 % 


A^OA flTSn 1 


Tin oVinTicr^ nnc^i'*v<An 

XI. C IrfimH^C VrUOCX VwU. 




-1.0% 


ArrQ'=; p;PH^ OTil 5 


nn plianp'f* ohspT^fid 




-0.5 % 


ActQA nP*1^ OTi/l 0 


no ^•liflno'P observed 




-0.4% 


a<tqo fip#in in-ro 1 


no cliAn^p obs6T*ved 




-1.1 % 


AcrQR 4PdO lCrl.5 


no chanEre observed 




-1.0 % 


AcrQfi QPdO iCrS.O 


no change observed 


_ 


-1.0 % 


AcrQR 4Pfil SCrO.ly 


no change observed 


_ 


-0.9 % 


AcrQ7 OPdl 5Crl.^ 


no change observed 




-0.7 % 


Ae^5 5Pdl.5Cr3.0 


no change observed 




-0.7 % 


AcrQfi qPd3 OCrO.l 


no change observed 





-1.0 % 


Aff95 5Pd3.0Crl.5 


no change observed 





-0.5% 


Ae94 0Pd3.0Cr3.0 


no change observed 





-0.4 % 


A^9 SPdO.lTaO.l 


no change observed 





-1.1 % 


Ag98.4Pd0.lTal.5 


no change observed 





-1.0 % 


Ae96.9Pd0.1Ta3.0 


no change observed 





-1.0 % 


Ag98.6Pdl.5Ta0.1 


no change observed 




-0.9 % 


Ag97.0Pdl.5Ta 1.5 


no change observed 




-0.7 % 


Ae95.5Pdl.5Ta3.0 


no change observed 




-0.7 % 


Ae96.9Pd3.0Ta0.1 


no change observed 




-1.0 % 


Ag95.5Pd3.0Ta 1.5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Ta3.0 


no change observed 




-0.4 % 
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Table 2 Continued 



Material composition 
(wt%) 


L Surface state of the 
layer after heating at 


The time the 
visual change 


D me re nee s ot retlection 
mciex oeiore ano. ax^er 

ViPJi'l'mD' 

(wavelength of 800 nm) 


Ao-QA AVt\0 iNiO 1 


no rHanpp nhspfvpd 




-1.1 % 


AcrQft INil 5 


no ohflnP'P ohsprved 




-1.0% 


AcrQfi QPdO lNi3 0 


no chancre observed 




-1.0% 


A<rQft 4Pfll 5NiO 1 


no rhjincp obspT^pd 




-0.9 % 


AfrQ7 nPrll fJNil S 


no pbsnfTp objsPTVpd 




-0.7 % 


A«-Qf^ p;P/?l fiNiJl n 


nn orionoro nVicoi*vpn 
LIU UXlaXI^C ULf OCX VCU. 




-0-7 % 


ArrOd QVA^ ONlO 1 


iXKj CXldXlgC UUoCXVCU 




-1.0 % 


ArrQK f^'PA^ OMil 


no cuciiige oDScxvtJix 




-0.5 % 




no cnange ooserveu. 




-0.4 % 


A „oo cp^n 1 Ain 1 


no change observed 




-1.1 % 


Agyo.4i:^ClU. XAlx.O 


Qo change observed 




-1.0 % 




no cnange ooservea. 




-1.0 % 


Agy o . 4Jr a 1 . oAlu . i 


no change observed 




-0 9% 


Ag97.0Pdl.5All. 5 


no change observed 




-V- 1 /o 


Ag95.5Fal.oAld,U 


no change observed 






Agyb.yi ao.UAiu. i 


no change observed 




-1.0 % 


Ag95.5r'do.UAil.& 


no change observed 




-V/.tf /o 


Ag94.0r'diJ.UAlt5.U 


no change observed 






Ag99.8 PdO. IJN DU. 1 


Qo change observed 




-11% 

X • X /v 


Agyo.4x^ClU. IIN Dl.O 


no change observed 




-1.0 % 


Ag96.9Pd0.1Nb3.0 


ao change observed 




-1.0 % 


Ag98.4Pdl.5Nb0.1/ 


ao change observed 




-0.9% 


Ag97.0Pdl.5Nbl.5' i 


ao change observed 




-0.7% 


Ae95.5Pdl.5Nb3.0 i 


lo change observed 




-0.7 % 


Ag96,9Pd3.0Nb0.1 i 


lo change observed 




-1.0% 


Ae95.5Pd3.0Nbl.5 i 


ID change observed 




-0.5% 


Ag94.0Pd3.0Nb3.0 |no change observed 




-0.4% 
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Table 2 Continued 



r»nnnnrtSitlOIl 

(wt%) 


fiii'T'fanp Q+fl+p of tViP 

Ux XCl^C OvCLuv? \J1. IrlJLC 

layer after liesttiiig at 
250^*0 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
(wavelength of 800 
nm) 


AB99.8Pd0.1Mo0.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.lMol.5 


no change observed 


— 


-1.0 % 


Ag96.9Pd0.1Mo3.0 


no change observed 


— 


-1.0 % 


Ag98.4Pdl.5Mo0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Mol.5 


no change observed 


— 


-0,7 % 


Ag95.5Pdl.5Mo3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Mo0.1 


no change observed 


— 


-1.0% 


Ag95.5Pd3.0Mol.5 


no change observed 


— 


-0.5 % 


Ag94.0Pd3.0Mo3.0 


no change observed 


— 


-0.4 % 


Ag99.8Pd0.1Au0.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.1Aul.5 


no change observed 


— 


-1.0% 


Ag96.9Pd0.1Au3.0 


no change observed 


— 


-1.0 % 


Ag98.4Pdl.5Au0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Aul.5 


no change observed 


— 


-0,7 % 


Ag95.5Pdl.5Au3.0 


no change observed 


— 


-0.7% 


Ag96.9Pd3-0Au0.1 


no change observed 


— 


-1,0 % 


Ag95.5Pd3.0Aul.5 


no change observed 


— 


-0.5% 


Ag94.0Pd3.0Au3.0 


no change observed 


— 


-0.4 % 


Ae99.8Au0.1Ru0.1 


no change observed 


— 


-1.0% 


Ag98.4AuO-lRul.5 


no change observed 


— 


-0.8 % 


Ag96.9Au0.lRu3.Q, 


no change observed 


— 


-0.5 % 


Ag98.4Aul.5Ru0.1 


no change observed 


— 


-1,0% 


Ag97.0Aul.5Rul.5 


no change observed 


— 


-0,3% 


Ab95.5Au1.5Ru3.0 


no change observed 


— 


-0.6 % 


Ag96.9Au3.0Ru0.1 


no change observed 


— 


-0.8 % 


Ae95.5Au3.0Rul.5 


no change observed 


— 


-0.5 % 


Ag94.0Au3.0Ru3.0 


no change observed 


— 


-0.8 % 


Ag99.8Pd0.lRu0.1 


no change observed 


— 


-1.0 % 


Ag98.4Pd0.1Riil.5 


no change observed 


— 


-0.9 % 


Ag96.9Pd0.1Rti3.0 


no change observed 




-1.0 % 


Ae98.4Pdl.5Ru0.1 


no change observed 




-0.9% 


Ae97.0Pdl.5Rul.5 


no change observed 




-0.8 % 


Ag95.5Pdl.5Ru3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.0Ru0.1 


no change observed 




-1.0 % 


Ag95.5Pd3.0Ru 1.5 


no change observed 




-0.6 % 


Ag94.0Pd3.0Ru3.0 


no change observed 




-0.4 % 
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AgAuXb Table 2 Continued 



composition 
(wt%) 


Surface state of the 
layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
(wavelength of 800 
nm) 


Ag99.8Au0.1Cu0.1 


no change observed 


— 


-0.9 % 


Ag98.4Au0.1Cul.5 


no change observed 


— 


-0,8 % 


Ag96.9Au0.lCu3.0 


no change observed 


— 


-0.8 % 


Ag98.4Aul.5Cu0.1 


no change observed 


— 


-0.7 % 


Ag97.0Aul.5Cul.5 


no change observed 


— 


-0.6 % 


Ag95.5Aul.5Cu3.0 


no change observed 


— 


-0.5 % 


Ag96-9Au3.0Cu0.1 


no change observed 


— 


-0.8 % 


Ag95.5Au3.0Cul.5 


no change observed 


— 


-0.5 % 


Ag94.0Au3.0Cu3.0 


no change observed 


— 


-0.6 % 


Ag99.8Au0.1Ti0.1 


no change observed 


— 


-0.9 % 


Ag98.4Au0.1Til.5 


no change observed 


— 


-0.6 % 


AB96.9Au0.1Ti3.0 


no change observed 


— 


-0.3 % 


Ae98.4Aul.5Ti0.1 


no change observed 


— 


-0.5 % 


Ag97.0Aul.5Til.5 


no change observed 


— 


-0.8 % 


Ag95.5Aul.5Ti3.0 


no change observed 


— 


-0.6 % 


AR96.9Au3.0Ti0.1 


no change observed 


— 


-0.9 % 


Ag95.5Au3.0Til.5 


no change observed 


— 


-1.1 % 


Ag94.0Au3.0Ti3.0 


no change observed 


— 


-1.0 % 


Ae99.8Au0.1Cr0.1 


no change observed 


— 


-0.8 % 


Ae98.4Au0.lCrl.5 


no change observed 


— 


-1.0 % 


Ag96.9Au0.lCr3.0/ 


no change observed 


— 


-0.6 % 


Ag98.4Aul.5Cr0.1 


no change observed 


— 


-0.9 % 


Ae97.0Aul.5Crl.5 


no change observed 


— 


-0.4 % 


Ag95.5Aul.5Cr3.0 


no change observed 


— 


-1.1 % 


AE96.9Au3.0Cr0.1 


no change observed 


— 


-0.8 % 


Ag95.5Au3.0Crl.5 


no change observed 


— 


-0.9 % 


Ag94.0Au3.0Cr3.0 


no change observed 


— 


-0.7 % 


Ag99.8Au0.1Ta0.1 


no change observed 


— 


-0.5 % 


Ag98.4AuO.lTa 1.5 


no change observed 


— 


-0.6 % 


Ag96.9Au0.1Ta3.0 


no change observed 




-1.1 % 


Ag98.6Aul.5Ta0.1 


no change observed 




-0.4 % 


Ae97.0Aul.5Tal.5 


no change observed 




-0.9 % 


Ae95.5Aul.5Ta3.0 


no change observed 




-0.8 % 


AB96.9Au3.0Ta0.1 


no change observed 




-0.5 % 


Ag95.5Au3.0Tal.5 


no change observed 




-1.0 % 


Ag94.0Au3.0Ta3.0 


no change observed 




-0.6 % 
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Table 2 Continued 



Material 
composition 
(wt%) 


Surface state of the 
layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
(wavelength of 800 
nm) 


Ag99,8AuO- IMoO. 1 


no change observed 




-0.7 % 


Ag98.4Au0.lMol.5 


no change observed 




-1.1 % 


Ag96.9Au0.lMo3.0 


no change observed 




-0.8 % 


Ag98.4Aul.5Mo0.1 


no change observed 


— 


-0.4 % 


Ag97.0Aul.5Mol.5 


no change observed 


— 


-0.8 % 


Ag95.5Aul.5Mo3.0 


no change observed 


— 


-0.3 % 


Ag96.9Au3.0Mo0.1 


no change observed 


— 


-0.9 % 


Ag95.5Au3,0Mol.5 


no change observed 


— 


-1.1 % 


Ag94.0Au3.0Mo3.0 


no change observed 


— 


-1.0 % 


Ag99.8Au0.lNi0.1 


no change observed 


— 


-0.5 % 


Ag98.4AuO,lNil.5 


no change observed 


— 


-1.1 % 


Ag96.9Au0.lNi3.0 


no change observed 


— 


-0.8 % 


Ag98.4Aul.5Ni0.1 


no change observed 


— 


-0.4 % 


Ag97.0Aul.5Nil.5 


no change observed 


— 


-1.0 % 


Ag95.5Aul.5Ni3.0 


no change observed 


— 


-0.7 % 


Ag96.9Au3.0Ni0.1 


no change observed 


— 


-0.9 % 


Ag95.5Au3.0Nil.5 


no change observed 


— 


-0.6 % 


Ag94.0Au3.0Ni3.0 


no change observed 


— 


-0.8 % 


Ag99,8Au0.lA10.1 


no change observed 


— 


-1,09% 


Ag98.4Au0.1A11.5 


no change observed 


— 


-LI % 


Ag96.9Au0.1A13.0, 


no change observed 


— 


-0.7 % 


Ag98.4Aul.5A10.l' 


no change observed 


— 


-0.9 % 


Ag97.0Aul.5A11.5 


no change observed 


— 


-0.5 % 


Ag95,5Aul.5A13.0 


no change observed 


— 


-0.4 % 


Ag96.9Au3,0A10.1 


no change observed 


— 


-0.8 % 


Ag95.5Au3.0A11.5 


no change observed 


— 


-1.0 % 


Ag94.0Au3.0A13.0 


no change observed 


— 


-1.1 % 


Ag99.8Au0.1Nb0.1 


no change observed 


— 


-1.1 % 


Ag98.4Au0.1Nbl.5 


no change observed 




-1.0 % 


Ag96.9AuO. lNb3.0 


no change observed 




-0.9 % 


AR98.4Aul.5Nb0.1 


no change observed 




-0.8 % 


Ag97.0Aul.5Nbl.5 


no change observed 




-0.7 % 


Ag95.5Aul.5Nb3.0 


no change observed 




-0.8 % 


Ag96.9Au3.0Nb0.1 


no change observed 




-1.0 % 


Ag95.5Au3.0Nbl.5 


no change observed 




-0.4 % 


Ag94.0Au3.0Nb3.0 


no change observed 




-0.4 % 
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AgRuX Table 2 Continued 



Material 
composition 
(wt%) 


Surface state of the 
layer after heating at 
250''C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
(wavelength of 800 
nm) 


Ag99.oKuO. ILrUU. 1 


no change observed 




-u.y /o 


Ag98.4xtuU.loul,o 


no change observed 




n ft oz 

'V,0 /O 


Ag96,9Ru0.1Cu3.0 


no change observed 




-U. / 70 


Ag98.4Ru 1 .oCuO. 1 


no change observed 




n '7 0/ 

-U. / 70 


Ag97.0Rul.5Cul.5 


no change observed 




-U.O 70 


Ag95.5Rul.oCu3.0 


no change observed 




n c 0/ 

-U.O 70 


Ag96.9Ru3.0Cu0.1 


no change observed 


■ 


-0.7 % 


Ag95.5Ru3,0Cul.5 


no change observed 




f\ e ft/ 

-0.5 % 


Ag94.0Rii3.0Cu3.0 


no change observed 


— 


-0.6 % 


Ag99.8RuO-lTi0.1 


no change observed 




-0.9 % 


Ag98.4Ru0.1Til.5 


no change observed 




-0.6 % 


Ag96.9Ru0.1Ti3.0 


no change observed 


— 


-0.4 % 


Ag98.4Rul.5Ti0.1 


no change observed 


— 


-0.5 % 


Ag97.0Rul.5Til.5 


no change observed 


— 


-0.8 % 


Ag95.5Rul.5Ti3.0 


no change observed 


— 


-0.5 % 


Ag96.9Ru3.0TiO.l 


no change observed 




-0.9 % 


Ag95.5Ru3.0Til.5 


no change observed 


— 


-1.1 % 


Ag94.0Ru3.0Ti3,0 


no change observed 


— 


-1.0 % 


Ag99.8Ru0.1Cr0.1 


no change observed 




-0.8 % 


Ag98.4RuO.lCr 1.5 


no change observed 




-1.0 % 


Ag96,9Ru0.1Cr3.0, 


no change observed 




-0.6 % 


Ag98.4Rul.5Cr0.1 


no change observed 




-0.8 % 


Ag97.0Rul.5Crl.5 


no change observed 




-0.4 % 


Ag95.5Rul.5Cr3,0 


no change observed 




-1.0 % 


Ag96.9Ru3.0Cr0.1 


no change observed 




-0.8 % 


Ag95.5Ru3.0Crl.5 


no change observed 




-0.9 % 


Ag94.0Ru3.0Cr3.0 


no change observed 




-0.8 % 


Ag99.8Ru0.1Ta0.1 


no change observed 


= 


f\ n o/ 

-0.9 % 


Ag98 .4RuO. ITa 1 . 5 


no change observed 




-0.8 % 


AgyD.yxtuu. 1 lao.u 


no change observed 




-0 7 % 


Ag98.6Rul.5Ta0.1 


no change observed 




-0.7 % 


Ag97.0Rul.5Tal.5 


no change observed 




-0.6 % 


AB95.5Rul.5Ta3.0 


no change observed 




-0.5 % 


Ag96.9Ru3.0Ta0.1 


no change observed 




-0.7 % 


Ag95.5Ru3.0Tal.5 


no change observed 




-0.6 % 


Ag94.0Ru3.0Ta3.0 


no change observed 




-0.6 % 
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Table 2 Continued 



Material 
composition 
(wt%) 


Surface state of the 
layer after heating at 
250**C 


The time the 
visual change 
omi rrpd 


Differences of 
retlection index be tore 
and after heating 

iiws* volon<Ti"n nr ROO 

aVCXCXLgLXL VJx OW\J 

nm) 


AfxQQ 8RuO iMoO.l 


no chancre observed 




-0.8 % 


AcrQfi 4RiiO iMol 5 


no chancre observed 




-1.0 % 


AcrQ^ QRuO lMo3 0 


nn rhfinP'P nbQPrvpd 




-0.6 % 


AcrQft 4Riil 5MoO 1 


nn phjin<3rp nbQPT*vpH 




-0.7 % 


A<rQ7nRii1 SMol f5 


Tin f*nsiricrA nriGPTVPn 
J-LV^ vrXiaxigc vuocx vcu 




-0.4 % 


ArrQ^ *\'Rnl 'iATnJl 0 


Tin /*fiancro rtricoi^TT'oH 
XIU i^XLaxLgc LrUotfXVcU. 




-1.1 % 


An-QA QPn^ OMnO 1 


nn oil Q n cro nl^c^won 
JXU l^XLctXlgC UUoCiVCVl 




-0.8 % 


ArrOf^ P;Pn^ flMnI ffc 


nn /^noncro nricoi*voH 
Hxj dlitXIgt? UUoCxVdl 




-0.7 % 


ArrOvf m?iiQ niVTn^ n 


nn /^n'Onflro nncomron 

no cnsmgc uubcxvcu. 




-0.6 % 


A Ql7itn I'M-in 1 

Agy y .Oxvuu. xiNiu. X 


no cnange oDserveu 




-1.0 % 


A»>QQ yf'Piin ^ 

Agyo.4xvUU. liNlX.O 


no cnange o d serve u. 




-1.1 % 


AgSb.yxvUU. XJNiiJ.U 


no change observed 






Ag9o.4Kul.oiNiU.X 


no change observed 




-u.o /o 


Agy7.0Kul.oJNil.D 


no change observed 




-u.o /o 


Agyo.oKul.oiNid.u 


no change observed 




-w.O /o 


Agyb.yKuo.uiNiu. X 


no change observed 




VI. f xo 


Agyo.oKuo.UXNix.o 


no change observed 




X • V /o 


Ag94.0xvu*5.UJNio.U 


no change observed 




-X.X /D 


Agyy .oKuo. lAiu, X 


no change observed 




-X.U /u 


Agyo.4xvUU. XAXX.O 


no change observed 




-1 1 % 

X • X 


A ^€\CL Ol7i«A 1 A1Q n 
Agyo.yiVUU, XAlO.U/ 


no change observed 




-0 7 % 


A,n.^Q vI'Di'il j^lAin y 
Agy 0 . 4KU X - OAXU . X 


no cnange ODservea 






A^y /.UXtUX.OAXX.O 


no cnange ooserveo. 




-0.5 % 


An>oR f^'Piii 'iAi^ n 

Agy u . OxvU X . O AlO . U 


no cnange ouoexvou 




-0.5 % 


ArrQA QP,lO nAlO 1 

Ag y o . y iv u o . i/riiv/ . X 


nU LXicLXlgt^ UUoCXVcU 




-0.8 % 


A#vOR *iPiiQ nA1i ^ 

Agy O . DXtU O.UAl X . O 


no cnange ooscxvcu 




-1.0 % 


A^Q/f nPiiQ nAl^ n 

Agy 4 . UXvU O . UAXO • U 


no cnange ouseiveu. 




-1.1 % 


AerQQ ARiiO iNhO 1 

Ag»ll7.0XliU.U. XA^ WW. X 


Tin i^li5iTi<rp nViQpT*vpH 




-1.1 % 


ArrOfi ^PllO iNbl 5 


nn /^lisinoro nncAi'VAn 

XLU LtXIclJXgC UUoCXVoU. 




-1.0 % 


Ag96.9Ru0.lNb3.0 


no change observed 


_ 


-0.8 % 


Ag98.4Rul.5Nb0.1 


no change observed 




-0.8 % 


As97.0Rul.5Nbl.5 


no change observed 




-0.7 % 


Ag95.5Rul.5Nb3.0 


no change observed 




-0.7 % 


Ag96,9Ru3.0Nb0.1 


no change observed 




-1.0 % 


Ag95.5Ru3.0Nbl.5 


no change observed 




-0.5 % 


Ag94.0Ru3.0Nb3.0 


no change observed 




-0.4 % 



[0062] While the surface change and the accompanying 
decrease in the reflection index were observed with the 
5 Ag-alloy layers in the Comparison, they were not observed 
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with the Ag-alloy layers of any examined composition in 
Example 1, as shown in Table 2. 

[0063] Moreover, the quartz substrates, on which various Ag- 
5 alloy layers were deposited and which were heated to 250 t 
as described , were further kepton a hot plate at 400 *C 
for two hours. The surface change and the decrease in the 
reflection index were not observed in the Ag-alloy layers 
of any examined composition (data not shown) . 

10 

[00643 The Ag-alloy reflecting layers that included Ag and 
0.1-3.0 wt% Cu, Ti, Cr, Ta, Mo, Ni, Al, or Nb but did not 
include Au, Pd, or Ru were produced. As described, the Ag- 
alloy layer was deposited on the quartz substrate so that 
15 the thickness of the layer was 15nm by simultaneous 

sputtering. The visual change of the layers was observed 
over time both at 250 and 400 . All the layers became 
white and the reflection index was decreased (data not 
shown) . 

20 

[0065] Taken together, it was revealed that the Ag-alloy 
layers including Ag as a main component, the first element, 
and the second element had improved heat resistance and 
maintained high reflection index. 

25 

Example 2 

[0066] In this Example, the utility of the ternary Ag-alloy 

layers as reflectors and reflective wiring electrodes for 
30 reflection-type liquid crystal display devices was studied. 

[0067] The anti-corrosive study on chemical stability was 
conducted with respect to the conventional metal layers 
(pure Al, an Al alloy, Ag, binary Ag-alloys) and the 
35 ternary Ag-alloy layers of the present invention. A liquid 

25 



resist was applied to the reflecting layers and the 
pattern was formed on them. Then the reflecting layers 
were washed with an alkali solution (5 % KOH aqueous 
solution) to remove the resist. The surface of the layers 
5 was observed. The results are shown in Table 3. 



Table 3 



Material composition (wt%) 


Alkali solution 


Al 


completely reacted 


A196.0Mff4.0 


completely reacted 




Dartiallv reacted 


Aff98 0Pd2 0 


many black stains 


Aff97 0Pd3 0 


inoderatfi black S'tains 


Ae99 8PdO ICuO 1 


no chanfire 


Aff99 4PdO 5CuO 1 


no cbanfffi 


Aff98.1PdO 9Cul 0 


no change 


Ae98 9Pdl OCuO 1 


no c\\fkTi^^ 


Ae97 9Pd2 OCuO 1 


no chancre 


Aff96 9Pd3 OCuO 1 


no change 


Aer96.5Pd3 OCuO 5 


no change 


Ae94 0Pd3 6Cu3 0 


no change 


Ae99.8Pd0.lTi0 1 


no change 


Ag99.4Pd0.5Ti0.1 


no change 


Ag98.1Pd0.9Til.O 


no change 


Ag98.9Pdl.0Ti0.1 


no change 


AR9,f.9Pd2.0TiO.l 


no change 


Ag96.9Pd3.0Ti0.1 


no change 


AB96.5Pd3.0Ti0.5 


no change 


Ag94.0Pd3.0Ti3.0 


no change 


AB99.8Pd0.1Cr0.1 


no change 


Ag98.4Pd0.1Crl.5 


no change 


As96.9Pd0.1Cr3.0 


no change 


Ag98.4Pdl.5Cr0.1 


no change 


Ag97.0Pdl.5Crl.5 


no change 


Ag95.5Pdl.5Cr3.0 


no change 


Ag96.9Pd3.0Cr0.1 


no change 


Ag95.5Pd3.0Crl.5 


no change 


Ag94.0Pd3.0Cr3.0 


no change 


Ae99.8Pd0.1Ta0.1 


no change 


Ag98.4Pd0.1Tal.5 


no change 


Ag96.9Pd0.1Ta3.0 


no change 


Ag98.4Pdl.5Ta0.1 


no change 


Ag97.0Pdl.5Tal.5 


no change 


Ag95.5Pdl.5Ta3.0 


no change 


Ag96.9Pd3.0Ta0.1 


no change 


Ag95.5Pd3.0Tal.5 


no change 


Ag94.0Pd3.0Ta3.0 


no change 
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AfrQQ fiPrIn lA/TnO 1 




AtrQ« APrin iMr^l K 




AcrQA QPrin iivyTrtQ n 


JULU W.XlClXXgC 


AtrQfl AVAl f>Ji/\nC\ 1 


nn pVifincp 


Agy / .ujrai.oivioi.o 




Afl>Q(=^ t;p/ii fiA>r^Q n 




Afl-QA QPrlQ flA/Trvn 1 


nn pVijlTlC^P 


A rrQK K1>A Q nAyTi-i 1 p; 
A gyo . or^a o . UMo 1 , o 




An>Qif nP^Q nAA^o n 


no CUclIlfiC 


ArrOfi yfP/in iXT-sn 1 


Ti r\ /* n £1 Ti cro 


Agyo.4JraU.liNll.o 


Q n cr^ 

nu uiicixigc 


Agyb.yx^au. ijnio.u 


no cnaugc 


Agyo,4ral.5JNlO. 1 


no cneingc 


Agy 7 .OFa 1 . 5rsl 1 1 . 5 


no cna.ng6 


Agy 5 . 5Jr a 1 .OjN i3 . 0 


no cnsji^e 


Agyo.SJrdo.ONiO. 1 


no cnange 


Agy5,5ra3.0Nil.5 


no cnange 


Ag94.01:'ao.0Ni3.U 


no cnange 


Ag99.8PdO. lAlO. 1 


no change 


Ar98. 4PaO . 1 Al 1 . 5 


no change 


Ag96.9Pd0.1A13.0 


no change 


Ag98.4Pdl.5A10.1 


no change 


Ag97.0Pdl.5All. 5 


no change 


Ag95.5Pdlw5A13.0 


no change 


Ag96.9Pd3.0A10.1 


no change 


Ag95.5Pd3.0All. 5 


no change 


Ag94.0Pd3.0A13.0 


no change 


Ag99.8Pd0.1Nb0.1 


no change 


Ag9$.4Pd0. INb 1 .5 


no change 


Ag96.9Pd0.1Nb3.0 


no change 


Ag98.4Pdl.5Nb0.1 


no change 


Ag97,0Pdl.5Nbl.5 


no change 


Ag95.5Fdl.5Nb3.0 


no cnange 


Ag96.9Fd3.0Nb0. 1 


no change 


Ag95.oPd3.0Nbl. 5 


no change 


Ag94.0rd3,0Nb3.U 


no cnange 


Ag99.8Pd0.1Au0.1 


no change 


Agy 0 .4PdO. 1 Au 1 . 5 


no cnange 


Ag96.9Pd0.1Au3.0 


no cnange 


Ag9o.4Pal.5Au0.1 


no cnange 


Agy /.UFal.oAul.a 


no CUcLUgt? 


Agy 0 . Ox^Q 1 . OAU 0 . u 




A^QC 013 #IQ A All A 1 

Agyo.yjrao.UAuu. i 


nu cuciiigc 


Agyo.oFao.UAui.o 


no cnange 


Agy 4. U Jr do . UAU 0 . u 


no on an OTA 


A «wOQ fi17««A 1 A*iA 1 

Agy y .oxwuu. lAuu. i 


nu uxidxigc 


Aff98 4RiiO lAul 5 


no change 


Ag96.9Ru0.1Au3.0 


no change 


Ag98.4Rul.5Au0.1 


no change 


Ag97.0Rul.5Aul.5 


no change 


Ag95.5Rul.5Au3.0 


no change 


Ag96.9Ru3.0Au0.1 


no change 
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Ag95.5Ru3.0Aul.5 


no change 


Ag94.0Ru3.0Au3.0 


no change 


Ag99.8Pd0.1RuO,l 


no change 


Ag98.4PdO.lRu 1.5 


no change 


Ag96.9Pd0.1Ru3.0 


no change 


Ag98.4Pdl.5Ru0.1 


no change 


Ag97.0Pdl.5Rul.5 


no change 


Ag95.5Pdl.5Ru3.0 


no change 


Ag96.9Pd3.0Ru0.1 


no change 


Ag95.5Pd3.0Ru 1.5 


no change 


Ag94.0Pd3.0Ru3.0 


no change 


AgAuX Table 3 Continued 


Material composition (wt%) 


Alkali solution 


Ag98.0Au2.0 


many black stains 


Ag97.0Au3.0 


moderate black stains 


Ag99.8Au0.lCu0.1 


no change 


Ag99.4Au0.5Cu0.1 


no change 


Ag98.1Au0.9Cul.O 


no change 


Ag98.9Aul.0Cu0.1 


no change 


Ag97.9Au2.0CuO.l 


no change 


Ag96.9Au3.0CuO.l 


no change 


Ag96.5Au3.'0Cu0.5 


no change 


Ab94.0Au3.0Cu3.0 


no change 


Ag99.8AuO. iTiO. 1 


no change 


Ag99.4AuO.5TiO. 1 


no change 


Ag98. lAuO,9Til.O 


no change 


Ag9p.9Au 1 .0 liO. 1 


no change 


Ag97,9Au2.0 liO. 1 


no cnange 


Agyb.yAUD.U llU. 1 


no di£ixi.K^ 


AcrQfi f;Aii.^ nisn .'i 


no change 


A?:94.0Au3,0Ti3.0 


no change 


Ag99.8Au0.1Cr0.1 


no change 


Aff98.4Au0.1Crl.5 


no change 


Ag96.9Au0.1Cr3.0 


no change 


Afi:98.4Aul.5Cr0.1 


no change 


Ag97.0Aul.5Crl.5 


no change 


Ag95.5Aul.5Cr3.0 


no change 


AR96.9Au3.0Cr0.1 


no change 


Ag95.5Au3.0Crl.5 


no change 


Ag94.0Au3.0Cr3.0 


no change 


AK99.8Au0.1Ta0.1 


no change 


Aff98.4Au0.1Tal.5 


no change 


Aff96.9Au0.lTa3.0 


no change 


Ag98.4Aul.5Ta0.1 


no change 


Aff97.0Aul.5Tal.5 


no change 


Aff95.5Aul.5Ta3.0 


no change 


Ag96.9Au3.0Ta0.1 


no change 


Aer95.5Au3.0Tal.5 


no change 


A^4.0Au3.0Ta3.0 


no change 
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Ae99.8Au0.1Mo0.1 


no change 


Ag98.4Au0.1Mol.5 


no change 


Ag96.9Au0.1Mo3.0 


no change 


Ag98.4Aul.5Mo0.1 


no change 


Ag97.0Aul.5Mol.5 


no change 


Ag95.5Aul.5Mo3.0 


no change 


Ag96.9Au3.0Mo0.1 


no change 


Ag95.5Au3.0Mol.5 


no change 


Ab94.0Au3.0Mo3.0 


no change 


Ag99.8Au0.1Ni0.1 


no change 


Agr98.4Au0.1Nil.5 


no change 


Ag96.9Au0.1Ni3.0 


no change 


Ag98.4Aul.5Ni0.1 


no change 


Ag97.0Aul.5Nil.5 


no change 


Ae95.5Aul.5Ni3.0 


no change 


Ag96.9Au3.0Ni0.1 


no change 


Ae95.5Au3.0Nil.5 


no change 


Ag94.0Au3.0Ni3.0 


no change 


Ab99.8Au0.1A10.1 


no change 


Ag98.4Au0.1A11.5 


no change 


Ag96.9Au0.1A13.0 


no change 


Ag98.4Aul.5A10.1 


no change 


Afr97.0Aul.5A11.5 


no change 


Ag95.5Aul^5A13.0 


no change 


Ar96.9Au3.0A10.1 


no change 


Ae95.5Au3.0AH .5 


no change 


Ak94.0Au3.0A13.0 


no change 


Ae99.8Ati0.1Nb0.1 


no change 


AK93.4Au0.1Nbl.5 


no change 


Afrd6.9Au0.1Nb3.0 


no change 


AB98.4Aul.5Nb0.1 


no change 


Ag97.0Aul.5Nbl.5 


no change 


AB95.5Aul.5Nb3.0 


no change 


Ag96.9Au3.0Nb0.1 


no change 


Ag95.5Au3.0Nbl.5 


no change 


Ag94.0Au3.0Nb3.0 I 


no change 



AgRuX Table 3 Continued 



Material composition (wt%) 


Alkali solution 


Ag98.0Ru2.0 


many black stains 


Ag97.0Rn3.0 


moderate black stains 


Ag99,8Ru0.1Cii0.1 


no change 


Ag99.4Ru0.5Cu0.1 


no change 


Ag98.lRuO.9Cu 1.0 


no change 


Ag98.9Rul.0Cu0.1 


no change 


Ag97.9Ru2,0Cu0.1 


no change 


Ag96.9Ru3.0Cu0.1 


no change 


Ag96.5Ru3.0CuO,5 


no change 
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Ag94.0Ru3.0Cu3.0 


no change 


Ag99.8Ru0.1Ti0.1 


no change 


A^99.4Ru0.5Ti0.1 


no change 


Aff98,lRuO,9Til.O 


no change 


Ag98.9Rul.0Ti0.1 


no change 


Ag97.9Ru2.0Ti0.1 


no change 


Ag96.9Ru3,0Ti0.1 


no change 


Ag96.5Ru3,0Ti0.5 


no change 


Ag94.0Ru3.0Ti3.0 


no change 


Ag99.8Ru0.1Cr0.1 


no change 


Ag98.4RuO.lCr 1.6 


no change 


Aff96.9Ru0.lCr3.0 


no change 


Aff98.4Rul.5Cr0.1 


no change 


Aff97.0Rul.5Crl.5 


no change 


Asr95.5Rul.5Cr3.0 


no change 


Ag96.9Ru3.0Cr0.1 


no change 


Aff95.5Ru3.0Crl.5 


no change 


Ag94.0Ru3.0Cr3.0 


no change 


AR99.8RuO,lTaO,l 


no change 


Aff98.4Ru0.1Tal.5 


no change 


Aff96.9Ru0.1Ta3.0 


no change 


Afi:98.4Rul.5Ta0.1 


no change 


AK97.0Rul.5Tal.5 


no change 


Agr95.5Rul.^Ta3.0 


no change 


Ae:96.9Ru3.0Ta0.1 


no change 


Ap95.5Ru3.0Tal.5 


no change 


AK94.0Ru3.0Ta3.0 


no change 


Ag99.8Ru0.1Mo0.1 


no change 


Ag98.4Ru0.1Mol.5 


no change 


AffSf6.9Ru0.1Mo3.0 


no change 


Ag98.4Rul.5Mo0.1 


no change 


Ar97.0Ru1.5Mo1.5 


no change 


Ag95.5Rul.5Mo3.0 


no change 


Ar96.9Ru3,0Mo0,1 


no change 


Aff95.5Ru3.0Mol.5 


no change 


Afr94.0Ru3.0Mo3.0 


no change 


Arf9.8Ru0.1Ni0.1 


no change 


Aff98.4Ru0.1Nil.5 


no change 


Aff96.9Ru0.1Ni3.0 


no change 


Aff98.4Rul.5Ni0.1 


no change 


Ae:97.0Rul.5Nil.5 


no change 


Ae:95.5Rul.5Ni3.0 


no change 


Ag96.9Ru3.0Ni0.1 


no change 


Aff95.5Ru3.0Nil.5 


no change 


Aff94.0Ru3.0Ni3.0 


no change 


Ag99.8Ru0.1A10.1 


no change 


Ag98.4Ru0.1A11.5 


no change 


Aff96.9Ru0.1A13.0 


no change 


Afr98.4Rul.5A10.1 


no change 


A&97.0Rul.5A11.5 


no change 


Agr95.5Rul.5A13.0 


no change 


Ag96.9Ru3.0A10.1 


no change 
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Ae95 5Ru3 OAU 5 


no change 


Ac94 0Ru3 0A13 0 


no change 


Ae99 SRuO INbO 1 


no change 


Ae98 4RuO INbl 5 


no change 


Ae96 9RuO lNb3 0 


no change 


Ag98,4Rul.5Nb0.1 


no change 


Ag97,0Rul.5Nbl.5 


no change 


Ag95.5Rul.5Nb3.0 


no change 


Ag96.9Ru3.0Nb0.1 


no change 


Ag95.5Ru3.0Nbl.5 


no change 


Ag94.0Ru3.0Nb3.0 


no change 



[0068] As shown in Table 3, the decrease in the reflection 
index was not observed with the Ag-alloy layers of the 
present invention of any composition. Thus, the ternary 
5 Ag-alloy layers are more stable to alkali solution than 
conventional layers, and the quality of the inventive 
layers was superior to the conventional layers. 

[0069] Next, the reflection index at 500nm and 800nm was 
10 measured in both layers. The range from 500 to 800 nm (565 
nm) is the standard optical wavelength range for liquid 
crystal display devices. As shown in Table 4, the 
reflection irfdex of the ternary Ag-alloy layers of the 
present invention was improved by 0.5-3.0 % compared with 
15 Al, the Al alloy, Ag, the binary Ag-alloy layers. 



Table 4 



Material composition (wt%) 


500mm wavelength 


800mm wavelength 




reflection index (%) 


reflection index (%) 


Al 


87.2 


84.5 


A196.0Mg4.0 


83.1 


82.3 


Al coated with acrylic resin 


79.4 


76.6 


As 


98.2 


98.8 


Ae98.0Pd2.0 


91.3 


94.5 


AB97.0Pd3.0 


86.9 


92.1 


Ae99.8Pd0.lCu0.1 


98.0 


98.6 


Ae99.4Pd0.5Cu0.1 


98.0 


98.4 


Ae98.lPd0.9Cul.O 


97.8 


98.0 


Ae98.9Pdl.0Cu0.1 


94.4 


97.6 


As97.9Pd2.0Cu0.1 


91.4 


94.6 


Ae96.9Pd3.0Cu0.1 


87.5 


93.4 


AB96.5Pd3.0Cu0.5 


87.3 


92.7 
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ArrQA nPrl.^ nriii^ n 


84.7 


91.1 


An>QQ RPHn iTin 1 


98.0 


98.6 


Apyy.^x clu.oiiu. 1 




98.4 


r\Ri70. XX U.U.I7 X IX.U 


97.6 


97.9 


Aeryo.yx ux.ux lu. x 


Q4 4 


97.6 


A«Q7 QPrl9 OTin 1 

Apy / .yjrtx^.uxiu^x 
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A^ckCi ckX^A*^ CWiCi 1 
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ft7 f> 


93.4 
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R7 0 

O f .Vf 
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Apy4-Uir ao.U 1 lo.U 


O 1 *\J 
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Q4 7 
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9 X. # 


Q1 7 
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0«7.0 


M 7 
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Q1 K 


7 

9 X. 1 


A rkn fVOA 1 Kf^-wt it 
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OD.O 


OvI.O 


Ae:95.5x'al*5Lrr3.0 




84 9 


AK96.yl:^at5.UC'rU. 1 


oO.D 


8*^ ft 

OO.D 


Aff 95 . 5Fa3 .OOr 1 . 5 


OO.O 


8Q 
OO.o 
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QO '7 


89 7 
OZ. / 


Ag99.8FaO. 1 1 aO. 1 


y4.b 


OA 7 


Ae:98.4Fa0.1ial.5 


yx. / 


Ql 7 

y X. / 


Ae96.9Pa0.1Ta3.0 


oy.o 


oy. / 


Afir98.4Pd 1 .5TaO. 1 


A 1 C 

91. 5 


01 7 

yx. / 


Afi:97.0Pal.5Tal.5 


ob.o 


OO.O 


Aff95.5Pdl.5Ta3.0 


o4.12 


Q>l 9 


AK96.9Pa3.0Ta0. 1 


85.6 


oo.b 


Ap95.5Pd3.0Tal. 5 


00.5 


OO.O 


Ae94.0Pd3.0Ta3.0 


82.7 


QO T 
Oil. 7 


Ap99 .SPdO. IMoO. 1 


o^ ct 

y4.b 


7 

y4. / 


Ap98 . 4Pd 0. IMo 1 .5 


yi.7 


Ql 7 

y X. / 


Ae:96.9Fd0.1Mo3.0 


oy.o 


ftQ 7 

oy. / 


Agr98.4Pd 1 .5Mo0. 1 


y i.D 


Ql 7 

y X. / 


Ae:97 . OPd 1 . 5Mo 1 . 5 


oD.o 


8ft 8 
OO.O 


Ar95. 5Pa 1 .5JVlo3 .u 




84 9 


Aff96.9Pdo.OMoO, 1 


fif^ ft 
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OO.D 


A —Tier etTSJO AI^jTaI C 
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CkK ft 
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Afffy.ox ClU- lAlU. 1 


i/O. X 


Q8 7 


Aff98 4PdO lAll 5 


98.1 


98.4 


Ap96.9Pd0.1A13.0 


97.6 


98.1 


Ap98.4Pdl.5A10.1 


96.5 


97.6 


AR97.0Pdl.5A11.5 


95.3 


96.8 


Ae95.5Pdl.5A13.0 


93.5 


95.9 


Ae96.9Pd3.0A10.1 


91 


94.6 
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Ae95.5Pd3.0A11.5 


88.6 


93 


Aff94.0Pd3.0A13,0 


86.1 


91.7 


Ae99.8Pd0.1Nb0.1 


95 


95.3 


Aff98.4PdO.lNb 1.5 


94.4 


94.8 


Ae96,9Pd0.1Nb3.0 


93.8 


94.2 


Aff 98 . 4Pd 1 . 5NbO . 1 


92.4 


92.7 


Aff97.0Pdl.5Nbl.5 


90.8 


91.4 


Aff95 5Pdl.5Nb3 0 


89.5 


90.2 


Aff96 9Pd3 ONbO 1 


86.7 


87.9 


Aff95 5Pd3.0Nbl 5 


84.6 


85.9 


Atr94 0Pd3 0Nb3 0 


82.7 


84.7 


Ap99 SPdO.lAuO 1 


96.7 


97.0 


Aff98 4PdO lAul 5 


96.4 
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57D.U 


Q7 1 

£1 / . X 
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R9 n 
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Q7 1 
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Ao-QA QPdO lPii9 n 






Ao-Q5) APH1 KRiiO 1 


Q9 ^ 




AcrQ7 OPdl SRul S 

# mSJX. UXaUXIrUX.CV 






Aff95.5Pdl.5Ru3.0 


92.3 


95.0 


Aff96.9Pd3.0Ru0.1 


85.0 


85.3 


Aff95.5Pd3.0Rul.5 


83.3 


83.3 


Ae94,0Pd3.0Ru3.0 


82.1 


82.5 


VgAuX Table 4 Continued 


Material composition (wt%) 


500mm wavelength 


800mm wavelength 




reflection index (%) 


reflection index (%) 


Aff98.0Au2.0 


87.3 


92.2 


Ae97.0Au3.0 


86.1 


91.3 


Ae99.8Au0.1Cu0.1 


98.2 


98.8 


Ae99.4Au0.5CuO,l 


98.1 


98.5 


Aff98.lAu0.9Cul.O 


97,6 


98,0 


Aer98,9Aul.0Cu0.1 


96.5 


97.6 


Ac97.9Au2.0Cu0.1 


95.2 


96.9 


Aff96.9Au3.0Cu0.1 


93.7 


96.1 


Ae96.5Au3.0Cu0.5 


91.1 


94.7 
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Ag94.0Au3.0Cu3.0 



85.6 



91.8 



Ag99.8Au0.1Ti0.1 



98.0 



98.5 



Ag99.4Au0.5Ti0.1 



97.8 



98.2 



Ag98.lAu0.9Til.O 



97.3 



97.9 



Ag98.9Aul.0TiQ.l 



96.6 



97.5 



Ag97.9Au2.0Ti0.1 



95.5 



97.1 



Ag96.9Au3.0Ti0.1 



93.9 



96.3 



Ag96.5Au3.0Ti0.5 



92.3 



95.2 



Ag94.0Au3.0Ti3.0 



86.4 



90.8 



Ag99.8Au0.1Cr0.1 



94.6 



94.7 



Ag98.4Au0.1Crl.5 



93.4 



93.6 



Ag96.9Au0.lCr3.0 



91.9 



92.4 



Ag98.4Aul.5Cr0.1 



90.2 



90.7 



Ag97.0Aul.5Crl.5 



88.5 



89.3 



Ag95.5Aul.5Cr3.0 



86.1 



86.6 



Ag96.9Au3.0Cr0.1 



84.9 



85.2 



Ag95.5Au3.0Crl.5 



83.4 



83.8 



Ag94.0Au3.0Cr3.0 



82.6 



82.6 



Ag99.8Au0.1Ta0.1 



95.1 



95.3 



Ag98.4Au0.1Tal.5 



94.6 



95.0 



Ag96.9Au0.1Ta3.0 



93.4 



94.1 



Ag98.6Aul.5Ta0.1 



91.8 



92.5 



Ag97.0Aul.5Tal.5 



90.4 



91.2 



Ag95.5Aul.5Ta3.0 ' 



88.7 



89.9 



Ag96.9Att3.0'fa0.1 



85.9 



87.6 



Ag95.5Att3.0Tal.S 



84.5 



85.9 



Ag94.0Au3.0Ta3.0 



82.8 



84.2 



Ag99.8Au0.1Mo0.1 



94.8 



95.1 



Ag98.4AuO.lMo 1.5 



Ag96.9Au0.lMo3.0 



94.2 



94.7 



93.5 



94.0 



Ag98.4Aul.5Mo0.1 



92.3 



92.9 



Ag97.0Aul.5Mol.5 



90.6 



91.5 



Ag95.5Aul.5Mo3.0 



89.7 



90.3 



Ag96.9Au3.0Mo0.1 



86.8 



88.6 



Ag95.5Au3.0Mo 1.5 



84.6 



86.4 



Ag94.0Au3.0Mo3.0 



82.7 



84.5 



Ag99.8Au0.1Ni0.1 



95.7 



95.9 



Ag98.4Au0.1Nil.5 



95.2 



95.4 



Ag96.9Au0.1Ni3.0 



93.9 



94.6 



Ag98.4Aul.5Ni0.1 



92.3 



93.5 



Ag97.0Aul.5Nil.5 



90.8 



91.9 



Ap95.5Aul.5Ni3.0 



88.7 



90.6 



Ag96.9Au3.0Ni0.1 



85.9 



88.8 



Ag95.5Au3.0Nil.5 



84.4 



86.1 



Ag94.0Au3.0Ni3.0 



82.6 



84.5 



Ag99.8An0.1A10.1 



98.0 



98.6 



Ag98.4Au0.1A11.5 



97.9 



98.3 



Ag96.9Au0.1A13.0 



97.5 



98.0 



Ag98.4Aul.5A10.1 



96.4 



97.5 



Ag97.0Aul.5A11.5 



95.2 



96.7 



Ag95.5Aul.5A13.0 



93.4 



95.8 



Ag96.9Au3.0A10.1 



90.8 



94.4 
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Aff95 5Au3.0All 5 


88.4 


92.8 


Ae^94 0Au3 0A13 0 


85.9 


91.5 


Aff99 8AuO INbO 1 


94.8 


95.1 


Aff98 4AuO INbl 5 


94.3 


94,7 


AfrQfi QAuO iNhS 0 


93.5 


94.1 


AaQR 4Aiil 5NhO 1 


92.1 


92.6 


Ae97.0Aul.5Nbl.5 


90.5 


91.3 


A£r95.5Aul.5Nb3.0 


89.2 


90.1 


AffQfi QAu3 ONhO 1 


86 4 


87.8 


Ae95.5Au3.0Nb 1.5 


84.3 


85.7 


AcrQ^ flAii^ OMK^l n 




84 S 


AeRuX 


Table 4 Continued 




Material composition (wt%) 


SOOmni wavelength 


ouumnL 
waveiengLn 




renecnon inaex 


rexiection muex 


Af^y o . uxvuz .u 


oO.o 


<)1 9 

«7 X.ib 


Agy / .uliuo.u 


oD.U 


«7 X.O 


AgS7«7 .cJxCUU. lOUU. 1 


yo.x 


yo.o 


Ag99.4KuU.oL/iiU. 1 


yo.u 


yo-o 


Ag98.lKuU.9Cu 1.0 


97.6 


yo.x 


Ag9o.yKUl,UOuU.l / 


yb.o 


Q7 f; 
y / .o 


AgyT.yKUZ.UUuU.l 


OR o 

yo.i^ 


yo.o 


Ag9b.9KUo.UUuU. 1 


yo. / 


yo.u 


Ag9D. OKUo.UUUU.O 


y x.x 


y*. 1 


A«>o>i nTit-iQ nOnQ n 
Agy4:.UXvUo . U \-/Uo. U 


oO.O 


Q1 7 


ARiiy .oXvuU. X ^ lU* X 


yo.u 




A «vOo yfT?iin R^Tun 1 
Agyy.4xvuu.o 1 lu. 1 


y / . / 


Qft 9 


A#*QQ I'Riin QTm n 

Ag9o.lXvUU.57 111 -U 


y / 


Q7 Q 


Agycs.yKu 1 .u iiu. X 


yo.D 


07 


A«vOr7 QPn9 lYPin 1 

Agy / .sixvu^.u xiu» X 


yo.* 


07 1 


A^oA QiYii^ nTsn 1 
Agyo.yxvUD.u iiu. x 


yo.o 


570.0 


Agyo.OxvUO.U X lU.O 


£7^. X 


O'; 9 


ArrOJ iTRiiQ flTS^l n 
AgS74.UXvUO.U llO.U 


oo.*t 


on 8 


A<rQQ ftTYiiO 1 




04 7 

i7rt. 1 


AerOSl J.'RiiD in-rl 


4 


92 6 


A gV D . l7Xv U 1/ . X Ox O . U 


Q1 Q 


02 4 


A crQft J.'Ril 1 ^PWI 1 
X\gJfO*ftXVUX.iJVvlAJ. X 




91 7 


Agj? / .UXVU. X.UV^X X.O 


88 2 
oo.^ 


88 8 


AtrQfi fiTi-ni *>Pt^ n 

AgZ/ O . OXV U X . V V/X O . vr 


OV. X 


88 8 


AcrQA QPii5) Or^rO 1 


84 8 


84 2 


AcrQ*; .'iRuJ^ OCrl 

X\gft7tJ. i/XVUO. vV^X X.t/ 


88 8 


83.8 


AcrQd. 0Ru3 OOrS 0 


82.4 


82.6 


A ^9 8RuO ITaO 1 


95.0 


95.3 


Ag98.4Ru0.1Tal.5 


94,6 


95.0 


Ag96.9Ru0.1Ta3.0 


93.4 


94.1 


Ae98.4Rul.5Ta0.1 


91.8 


92.5 


Aff97.0Rul.5Tal.5 


90.4 


91.2 


Ag95.5Rul.5Ta3.0 


88.7 


89.9 


Ag96,9Ru3.0Ta0.1 


85.9 


87.6 
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Ae95.5Ru3,0TaL5 


84.5 


85.9 


Ae94.0Ru3.0Ta3.0 


82.6 


84.2 


Ap99 8RuO IMoO 1 


94.7 


95.1 


Ae98 . 4RuO . IMo 1 . 5 


94.1 


94.7 


Ae9 6 . 9RuO . lMo3 . 0 


93.3 


94.0 


Aff98 4Rul 5MoO 1 


92.2 


92.9 


Ae97.0Rul.5Mol,5 


90.5 


91.5 


A^95.5Rul.5Mo3.0 


89.9 


91.3 


Aff96 9Ru3 OMoO 1 


86.8 


88.6 


Ap^95 5Ru3 OMol 5 


84.8 


86.3 


Ap'94 0Ru3 OMoS 0 


82.6 


84.5 


A«rQ<l 8RuO iNiO 1 


96.7 


97.2 


A<rQ8 4RuO iNil 5 


96.5 


96.9 


AcrQfi QRuO lNi3 0 


96.1 


96.3 


AcrQA 4Rul fiNiO 1 

x^|£S70*^AVu.x*vx^x\yk x 


95.3 


95,8 


A«rQ7 ORul 5Nil 5 


93.7 


94.7 


Ao-Q*; iRiil f»Mi,^ 0 


91.2 


93.3 


AtrQ(\ QRll^ ONlO 1 


88 4 


91.7 


AcrQ^ 'iT?.!!?! n>Jl1 ^ 


85 0 


87.2 


ArrOA flPll^ OMl^ Ci 




85.6 


A#»OQ fiPiiO 1 Ain 1 


Q8 0 


Q8 4 


o . 4X1 UU . lAl 1 , 0 


Q7 Q 


Q8 9. 




y / .o 


Q8 1 


A^Ofi ytPnl *iAin 1 




<)7 


Art-QT flPnl PkAll K 




96 5 


An-Q^ *iRn1 f^Al^ n 




95 8 


ArrOfi qHm^ oAin 1 


on 8 


94.4 




88 4 


92.7 


Ao-QA nPtt^ fiAi^ n 


85 4 


91.5 


A«vQQ fi'Riin i/Wkh 1 


Q4 7 


95.2 


ArrQfi /iPllO 170%1 f\ 


Q4 3 


94.7 


An>Qfi QPiiO IMK^ O 




94.1 


Ap98.4Rul.5Nb0.1 


92.1 


92.5 


Ae97,0Rul.5Nbl.5 


90.2 


91.3 


Ac95,5Rul.5Nb3.0 


88.1 


90.0 


Ae96.9Ru3.0Nb0.1 


85.2 


87.8 


Aff95,5Ru3.0Nbl.5 


84.1 


85.7 


Ap94.0Ru3.0Nb3.0 


82.4 


84.5 



[0070] Thus, it was revealed that the Ag-alloy layers of the 
present invention were very useful as reflectors or 
reflective wiring electrodes for reflection-type liquid 
crystal display devices. 

Example 3 

[0071] In this Example, the utility of the ternary Ag-alloy 
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layer as infrared-ray or heat-ray reflecting layers for 
building glass was studied. Further, the adaptability of 
the ternary layer to a resin substrate under high 
temperature and high humidity conditions was studied. 

5 

[0072] The tests on weather resistance under high 
temperature and high humidity conditions were carried out 
with regard to the ternary Ag-alloy layers^ compared with 

10 binary Ag-alloy layers including Ag-Pd alloy layers^ Ag-Au 
alloy layers and Ag-Ru alloy layers. The ternary Ag-alloy 
layers were deposited on all kinds of substrates 
(substrates made of non-alkali glass^ low-alkali glass, 
borosilicate glass, and quartz glass) by ternary 

15 simultaneous sputtering. The change of the Ag-alloy 

layers was examined over time in an atmosphere of 90 'C and 
90 % humidity. 

[0073] The tests for weather resistance were carried out 
20 with regard t^ monolayers of the ternary reflecting layers 
and laminates of the base film and the ternary reflecting 
layer. For the monolayers, the ternary reflecting layer 
was directly deposited on the substrate. For the laminates, 
the base film such ITO, ZnOj, ZnOj-AljOg composite oxide and 
25 SiOj was deposited on the substrate and then the Ag-alloy 
reflecting layer was deposited on the base film. The 
difference between the monolayers and the laminates was 
also evaluated. 

30 [0074] The results showed that both the monolayers of the 
ternary reflecting layer and the laminates of the base 
film and the Ag-alloy reflecting layer have higher weather 
resistance than the monolayers of the binary reflecting 
layers. The ternary reflecting layers maintained heat 

35 resistance, reflection index, and weather resistance, 
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independent of the base film. It was confirmed that 
the ternary reflecting layers of the present invention 
were more useful than the conventional binary 
reflecting layer as infrared-ray or heat-ray reflecting 
layers for building glass such as windowpanes (data not 
shown) . 

[0075] Widely used conventional reflecting layers made of 
Al, an Al alloy^ Ag, an Ag-Pd alloy react with a resin 
substrate at the adhesive interface when kept under 
high temperature and high humidity conditions. The 
following tests were conducted on the chemical 
stability of the reflecting layers of the present 
invention against the resin substrates under high 
temperature and high humidity conditions - 

[0076] To confirm the chemical stability of the ternary 
reflecting layers of the present invention, the 
reflecting layers were deposited at a thickness of 15nm 
on the resin layer of PMMA, PET^ PC, silicone, and the 
like by ternary simultaneous sputtering. The layers 
were kept under high temperature and high humidity 
conditions for 24 hours. The change in appearance and 
reflection characteristics over time was examined. 



Table 5 



Material 
composition (wt%) 


Results of high temperature and high humidity tests 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull white 
color, detachment from the 
substrate 


Ag98.0Pd2.0 


many black stains 


detachment occured 


Ag97,0Pd3.0 


moderate black stains 


detachment occured 


Ag99.8Pd0.1Cu0.1 


no change 


less color change 


Ag99.4Pd0.5Cu0.1 


no change 


no change 
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Ag98.1Pd0.9Cul.O 


no change 


no change 


Ag98.9Pdl.0Cu0.1 


no change 


no change 


Ag97.9Pd2.0Cu0.1 


no change 


no change 


Ag96.9Pd3.0Cu0.1 


no change 


no change 


Ag96.5Pd3.0Cu0.5 


no change 


no change 


Ag94.0Pd3.0Cu3.0 


no change 


no change 


Ag99.4Pd0.1Ti0.1 


no change 


no change 


Ag99.4Pd0.5Ti0.1 


no change 


no change 


Ag98.lPdO.9Ti 1.0 


no change 


no change 


Ag98.9Pdl.0Ti0.1 


no change 


no change 


Ag97.9Pd2.0Ti0.1 


no change 


no change 


Ag96.9Pd3.0Ti0.1 


no change 


no change 


Ag96.5Pd3.0Ti0.5 


no change 


no change 


Ag94.0Pd3.0Ti3.0 


no change 


no change 


Ag99.8Pd0.1Au0.1 


no change 


no change 


Ag98.4Pd0.lAul. 5 


no change 


no change 


Ag96.9Pd0.1Au3.0 


no change 


no change 


Ag98.4Pdl.5Au0.1 


no change 


no change 


Ag97.0Pdl.5Aul. 5 


no change 


no change 


Ag95.5Pdl.5Au3.0 


no change 


no change 


Ag96.9Pd3.0Au0.1 


no change 


no change 


Ag95.5Pd3.0Aul. 5 


no change 


no change 


Ag94.0Pd3.0Au3.0 


no change 


no change 


Ag99.8Pd0.1Cr0.1 


no change 


no change 


Ag98.4PdO.lCr 1,5 


no change 


no change 


Ag96.9Pd0.1Cr3.0 


no change 


no change 


Ag98.4Pdl.5Cr0.1 


no change 


no change 


Ag97.0Pdl.5CrL5 


no change 


no change 


Ag95.5PdL5Cr3.0 


no change 


no change 


Ag96.9Pd3.0Cr0.1 


no change 


no change 


Ag95.5Pd3.0Crl.5 


no change 


no change 


Ag94.0Pd3.0Cr3.0 


no change 


no change 


Ag99.8PdO,lTa0.1 


no change 


no change 


Ag98.4PdO.lTal. 5 


no change 


no change 


Ag96.9Pd0.1Ta3.0 


no change 


no change 
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Agyo.4i:'ai . j laU. 1 


no change 


no change 


Agy /.UFdi .0 lai .D 


no change 


no change 




no change 


no change 


Agyo.yrai .u lau, i 


no change 


no change 


AgyD.jrai .U lai .D 


no change 


no change 


Agy4.UJraJ .Uia:).U 


no change 


no change 


Ag99, 8Fa 0 . 1 JVloU, 1 


no change 


no change 


A »nO /I'D J A 1X>frtl ^ 

Ag9o.4FaO. IMol .3 


no change 


no change 


Ag96.9PaO. IMoi.O 


no change 


no change 


Ag98.4Pdl.5MoO. 1 


no change 


no change 


Ag97.0Pdl.5Mol. 5 


no change 


no change 


Ag95.5Pdl.5Mo3.0 


no change 


no change 


Ag96.9Pd3 .OMoO. 1 


no change 


no change 


Ag95.5Pd3.0Mol. 5 


no change 


no change 


Ag94.0Pd3 .0Mo3 .0 


no change 


no change 


Ag98.4Pd0.1NiO,l 


no change 


no change 


Ag98.4Pd0.lNil. 5 


no change 


no change 


Ag96,9Pd0.1Ni3.0 


no change 


no change 


Ag98.4Pdl.5Ni0.1 


no change 


no change 


Ag97.0Pdl.5Nil. 5 


no change 


no change 


Ag95.5Pdl.5Ni3.0 


no change 


no change 


Ag96.9Pd3.0Ni0. 1 


no change 


no change 


Ag95.5Pd3.0Ni 1 .5 


no change 


no change 


Ag94.0Pd3 .0Ni3 .0 


no change 


no change 


Ag99.8PdO,lAI0.1 


no change 


no change 


Ag98.4PdO.lAll. 5 


no change 


no change 


Ag9o.9Pd0.1AlJ.O 


no change 


no change 


A C\Q A T* J 1 f A 1 A 1 

Ag98.4Pdl.5AI0. 1 


no change 


no change 


A c\n /\T» J 1 f A 1 1 c 

Ag97.0Pdl.5All. 5 


no change 


no change 


Ag95.5Pdl.5AI3.0 


no change 


no change 


A f\y riT* J'^ A A lA t 

Ag96.9Pd3.0A10. 1 


no change 


no change 


Agy D. jrQj.U/\l 1 .J 


no change 


no change 


Ag94.0Pd3.0A13.0 


no change 


no change 


Ag99.8Pd0.1Nb0.1 


no change 


no change 


Ag98.4PdO.lNbl. 5 


no change 


no change 
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Ag96.9Pd0.1Nb3.0 


no chatiffe 


iMXJ L/llall^c 


Ag98.4Pdl.5Nb0.1 


no chiiTip'e 

XXV/ Va'XXClXlgVi' 


IIU V/liallgC 


Ag97.0Pdl.5Nbl. 5 


no chanffe 


Im.\j wixaiigC 


Ag95.5Pdl.5Nb3.0 


no chano^e 

XXV/ v^xx tt-xx j;^ V 


no Wllall^C 


Ag96.9Pd3.0Nb0.1 


no pliflntTf* 

XXV VXldiXg^ 


IIU wiiangc 


Ag95.5Pd3.0Nbl.5 


tin c*hflnfff* 


IIU oiiange 


Ag94.0Pd3.0Nb3.0 


Ll\J WixCill^C 


no cnange 


Ae99.8Ru0.1Au0.1 




no cnange 


Ae98 4RuO lAul 5 




no change 


As96 9RuO lAu3 0 




no change 


Ae98 4Rul 5AuO 1 


IIU vHangc 


no change 


Ae97 ORul 5Aul 5 


IIU dld.ng6 


no change 


Ae95 5Rul 5Au3 0 


Ti/^ f^\\€knctex 
ilU L>liallgc 


no change 


Ae96 9Ru3 OAuO 1 


•ri r\ r*Vlfi*nfT^ 
11 ij VllallgC 


no change 


Ag95 5Ru3 OAul 5 


iiu un<ingc 


no change 


Ae94 0Ru3 0Au3 0 

£x^^^^ • V/XVU^ ■ \J xx Ub/ • \J 


no vnaugc 


no change 


AfrQQ SPHQ IRuO 1 


no cnangc 


no change 




no change 


no change 


Aff96 9PdO lRu3 0 


no cnange 


no change 


AffQR 4Pd1 5RuO 1 


no cnange 


no change 


Ae97 OPdl 5Rul 5 


no cnange 


no change 


Aff95 5Pdl 5Ru3 0 


no cnange 


no change 


Ag96.9Pd3.0Ru0.1 


no change 


no change 


Ag95.5Pd3.0Rul.5 


no change 


no change 


Ag94.0Pd3.0Ru3.0 


no chflTHTf* 


no ^ndngc 


AgAuX 


Table 5 Continued 




Material 


Results of high temperature and high humidity tests 


composition (wt%) 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull 
white color, detachment 
from the substrate 


Ag98.0Au2.0 


many black stains 


detachment occured 


Ag97.0Au3.0 


moderate black stains 


detachment occured 



41 



Ag99,8Au0.1Cu0.1 


no change 


no change 


Ag99.4Au0.5Cu0.1 


no change 


no change 


Ag98.1Au0.9Cul.O 


no change 


no change 


Ag98.9Aul.0Cu0.1 


no change 


no change 


Ag97.9Au2.0Cu0.1 


no change 


no change 


Ag96.9Au3.0Cu0.1 


no change 


no change 


Ag96.5Au3.0Cu0.5 


no change 


no change 


Ag94.0Au3.0Cu3.0 


no change 


no change 


Ag99.8Au0.1Ti0.1 


no change 


no change 


Ag99.4AuO.5Ti0.1 


no change 


no change 


Ag98.lAuO.9Ti 1.0 


no change 


no change 


Ag98.9Aul.0Ti0.1 


no change 


no change 


Ag97.9Au2.0Ti0.1 


no change 


no change 


Ag96.9Au3.0Ti0. 1 


no change 


no change 


Ag96.5Au3,0Ti0.5 


no change 


no change 


Ag94.0Au3.0Ti3.0 


no change 


no change 


Ag99.8Au0.1Cr0.1 


no change 


no change 


Ag98.4AuO.lCrl. 5 


no change 


no change 


Ag96.9Au0.1Cr3.0 


no change 


no change 


Ag98.4Aul.5Cr0.1 


no change 


no change 


Ag97.0Aul.5Cr 1.5 


no change 


no change 


Ag95.5Aul.5Cr3.0 


no change 


no change 


Ag96.9Au3.0Cr0.1 


no change 


no change 


Ag95.5Au3.0Crl. 5 


no change 


no change 


Ag94.0Au3.0Cr3.0 


no change 


no change 


Ag99.8Au0.1Ta0.1 


no change 


no change 


Ag98.4Au0.lTal. 5 


no change 


no change 


Ag96.9Au0.1Ta3.0 


no change 


no change 


Ag98.6Aul.5Ta0.1 


no change 


no change 


Ag97.0Aul.5Tal. 5 


no change 


no change 


Ag95.5Aul.5Ta3.0 


no change 


no change 


Ag96.9Au3.0Ta0.1 


no change 


no change 


Ag95.5Au3.0Tal. 5 


no change 


no change 


Ag94.0Au3.0Ta3.0 


no change 


no change 
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Ag99.8Au0.1Mo0.1 


tin cViflTHTf 


no Lrllan^v 


Ae98 4AuO IMol 5 


xWJ V.'llctllgC 


no cnange 


Ae96 9AuO lMo3 0 


IIU ^Xlallgc 


no cnange 


A298 4Aul 5MoO 1 


Tin oHonof* 


Ti r* ri Q Ti iTiA 

uu cnange 


AaQ7 OAii! 5Mol S 


no cnaugc 


no change 


Ag95 5Aul 5Mo3 0 


IiU wllallgc 


no change 


Aff96 9Au3 OMoO 1 


IIU UlldllgC 


no change 


Aff95 5Au3 OMol 5 


Ti ri o n rr 

nu ciiangc 


no change 


Aff94 0Au3 0Mo3 0 


no cnaiigc 


no change 


Ap99 8AuO INiO 1 


IIU L^IldllgC 


no cnange 




no ciiange 


no change 


AcrQfi QAiiO lNi3 0 


no cnange 


no change 


AaOR 4Aii1 SNifi 1 


no change 


no change 




no change 


no change 


AaO^ <iAii1 SNH 0 


no change 


no change 


AcrO^ OAii'? niSJiO 1 


no change 


no change 


ActQ^ ^Aii'5 nxTii ^ 


no change 


no change 


AfrOA rtAn'5 n 


no change 


no change 


AnOQ fiAiiH 1 A1A 1 


no change 


no change 


ArrOS AAiiO 1 All ^ 


no change 


no change 


AcrO/^ OAnO 1 AH 0 


no change 


no change 


A frOJ? AA11I ^Alft 1 

-rVg"o •T'-rVU. J. .J/A.ll/. 1 


no change 


no change 


AaQ7 OAiil SA11 ^ 


no cnange 


no change 


Aff9S SA11I 5An 0 


no cnange 


no change 


Ap^96 9Aii3 0A10 1 


no cnange 


no change 


AcrQS 5Aii3 OAII S 


no cnange 


no change 


AaQ4 0Aii3 OAH f) 

/Tt^^*T. V/TlU-J .U/TiU .V/ 


no cnange 


no change 


Aa99 8AuO INbO 1 


iiO CUd-Ugc 


no change 


AffQR 4AuO INbl S 


no cnange 


no change 


Aff96 9AuO lNb3 0 


no unangc 


no change 


Aff98 4Au1 5NbO 1 


no cnange 


no change 


Ag97.0Aul.5Nbl. 5 


no change 


no chflnffp 


Ag95.5Aul.5Nb3.0 


no change 


no change 


Ag96.9Au3.0Nb0.1 


no change 


no change 


Ag95.5Au3.0Nbl. 5 


no change 


no change 


Ag94.0Au3.0Nb3.0 


no change 


no change 



AgRuX 



Table 5 Continued 



Material 
composition ywi/o) 


Results of high temperature and high humidity tests 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull 
white color, detachment 
from the substrate 


Ag98.0Ru2.0 


many black stains 


detachment occured 


Ag97.0Ru3.0 


moderate black stains 


detachment occured 


Ag99.8Ru0.1Cu0.1 


no change 


no change 


Ag99.4Ru0.5Cu0.1 


no change 


no change 


Ag98.1Ru0.9Cul.O 


no change 


no change 


Ag98.9RuL0Cu0.1 


no change 


no change 


Ag97.9Ru2.0Cu0.1 


no change 


no change 


Ag96.9Ru3.0Cu0.1 


no change 


no change 


Ag96.5Ru3.0Cu0.5 


no change 


no change 


Ag94.0Ru3.0Cu3.0 


no change 


no change 


Ag99.8Ru0.1Ti0.1 


no change 


no change 


Ag99.4Ru0.5Ti0.1 


no change 


no change 


Ag98.1Ru0.9Til.O 


no change 


no change 


Ag98.9Rul.0Ti0.1 


no change 


no change 


Ag97.9Ru2.0Ti0.1 


no change 


no change 


Ag96.9Ru3.0Ti0.1 


no change 


no change 


Ag96.5Ru3.0TiO,5 


no change 


no change 


Ag94,0Ru3.0Ti3.0 


no change 


no change 


Ag99.8Ru0.1Cr0.1 


no change 


no change 


Ag98.4RuO.lCrl. 5 


no change 


no change 


Ag96.9Ru0.1Cr3.0 


no change 


no change 


Ag98.4Rul.5Cr0.1 


no change 


no change 


Ag97.0Rul.5Crl.5 


no change 


no change 


Ag95.5Rul.5Cr3.0 


no change 


no change 


Ag96.9Ru3.0Cr0.1 


no change 


no change 


Ag95.5Ru3.0Crl.5 


no change 


no change 


Ag94.0Ru3.0Cr3.0 


no change 


no change 


Ag99.8RuOJTaO,l 


no change 


no change 


Ag98.4RuO.lTal. 5 


no change 


no change 
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Ag96.9Ru0.1Ta3.0 


no change 


no change 


Ag98.4Rul.5TaO,l 


no change 


no change 


Ag97.0Rul.5Tal. 5 


no change 


no change 


Ag95.5Rul.5Ta3.0 


no change 


no change 


Ag96.9Ru3.0Ta0.1 


no change 


no change 


Ag95.5Ru3.0Tal.5 


no change 


no change 


Ag94.0Ru3.0Ta3.0 


no change 


no change 


Ag99.8Ru0.1Mo0.1 


no change 


no change 


Ag98.4Ru0.1Mol,5 


no change 


no change 


Ag96.9Ru0.1Mo3.0 


no change 


no change 


Ag98.4Rul.5Mo0.1 


no change 


no change 


Ag97.0Rul.5Mol, 5 


no change 


no change 


Ag95.5Rul.5Mo3.0 


no change 


no change 


Ag96.9Ru3.0Mo0.1 


no change 


no change 


Ag95.5Ru3.0Mol. 5 


no change 


no change 


Ag94.0Ru3.0Mo3.0 


no change 


no change 


Ag99.8Ru0.1Ni0.1 


no change 


no change 


Ag98.4RuO.lNil. 5 


no change 


no change 


Ag96.9Ru0.1Ni3.0 


no change 


no change 


Ag98.4Rul.5Ni0.1 


no change 


no change 


Ag97.0Rul.5Nil.5 


no change 


no change 


Ag95.5Rul.5Ni3.0 


no change 


no change 


Ag96.9Ru3.0Ni0.i 


no change 


no change 


Ag95.5Ru3.0Nil. 5 


no change 


no change 


Ag94.0Ru3.0Ni3.0 


no change 


no change 


Ag99.8RuO,lA10.1 


no change 


no change 


Ag98.4Ru0.1A11.5 


no change 


no change 


Ag96.9Ru0.1AI3.0 


no change 


no change 


Ag98.4Rul.5A10.1 


no change 


no change 


Ag97.0Rul.5All. 5 


no change 


no change 


Ag95.5Rul.5A13.0 


no change 


no change 


Ag96.9Ru3.0Ai0.1 


no change 


no change 


Ag95.5Ru3.0All. 5 


no change 


no change 


Ag94.0Ru3.0A13.0 


no change 


no change 
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ArrQO SDiiO llVhO 1 


no cnange 


no change 


AaOf? dJl^^O INhl 5 




no cndnge 


AfrOrt QRiiO ITsTh'^ 0 


nu undiigc 


no cnange 




no cnonge 


no cnange 


Aff97 ORul 5Nbl 5 






Ag95.5Rul.5Nb3.0 


no change 


no change 


Ag96.9Ru3.0Nb0.1 


no change 


no change 


Ag95.5Ru3.0Nbl. 5 


no change 


no change 


Ag94.0Ru3.0Nb3.0 


no change 


no change 



[0077] As shown in Table 5, no. change was observed with the 
ternary Ag-alloy reflecting layers after 24 hours. When the 
reflection index of the ternary reflecting layer on the 
various resin substrates was measured by a 
spectrophotometer, no decrease in reflection index was 
observed at the optical wavelength of 565 nm;. which is 
useful for reflection-type liquid crystal display devices 
and in the optical wavelength regions from 400nm to 4nm, 
which is required for building glass (data not shown) . 

[0078] The ternary reflecting layers of the present invention 
proved to have high chemical stability against resin and to 
be not limited to a particular substrate material unlike 
conventional layers . 

Example 4 

[0079] Adhesion between the ternary reflecting layers of the 
present invention and various substrates and the effect of 
the base film, which was placed between the reflecting layer 
and the substrate, on the adhesion were examined. 

[0080] Firstly, the reflecting layers were deposited 
directly on the substrates of PMMA, PET, PC, silicone, 
acrylic resin, non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass by RF sputtering to 
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form a laminate. A JIS (Japanese Industrial Standard) 
cellophane tape was attached to the reflecting layer. The 
detachment of the reflecting layer from the substrate when 
the tape was stripped of at given tension was observed. In 
addion, the laminate was diced with a cutter and dipped in 
pure water in a beaker. Ultrasonic waves were applied to 
the pure water. The frequency of the ultrasonic waves was 
50KHZ and the electric power was lOOW. After the 
application of the ultrasonic waves, detachment of the 
reflecting layer was observed under a x40 microscope and 
the necessity of the base film was examined. 

[0081] No detachment was observed with PMMA, PET, PC, 
silicone, and acrylic resin. The reflecting layer of the 
present invention was much more adhesive to the resin 
substrates compared with conventional layers of Al, Al 
alloy, Ag, or Ag alloy. 

[0082] On the other hand, partially or extensive detachment 
was observed ^With non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass. The reflecting layer 
of the present invention had poor adhesion to the glass 
substrates although the degree of detachment is different 
in cases (data not shown) • 

[0083] Secondarily, to improve adhesion of the reflecting 
layer to the glass substrate or to attain high reflecting 
performance without impairing the reflection index of the 
reflecting layer, the base film of Si, Ta, Ti, Mo, Cr, Al, 
ITO, ZnOj, SiOg, Ti02, TajOg, ZrOg, IngOs, SnOj, NbsOg, or MgO 
was applied to the substrates of PMMA, PET, PC, silicone, 
acrylic resin, non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass by RF sputtering. 
Then the ternary reflecting layer of the present invention 
was deposited on the base film by RF sputtering to form a 
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laminate. A strip of JIS cellophane tape was attached to 
the uppermost layer. The detachment of the reflecting 
layer from the substrate when the tape was stripped of at 
given tension was observed as described above. In addition, 
5 the laminate was diced with a cutter and dipped in pure 
water in a beaker. Ultrasonic waves were applied to the 
pure water. The frequency of the ultrasonic waves was 
50KHZ and the electric power was lOOW. After the 
application of the ultrasonic waves, detachment of the 
10 reflecting layer was observed under a x40 microscope and 
the effect of the base film was examined. 

[0084] As shown in Table 6, when the base film was used, no 
detachment was observed whether the reflecting layer was 
15 pure Ag or an Ag alloy. The reflection index of the 
reflecting layer used in the tests was measured by a 
spectrophotometer. Table 7 showed that not only the 
adhesion but also the reflection index were improved when 
a specific base film (Ti02-Nb205) was used. 

20 

Table 6 



Material 
of base film 


Detachment tests 


5mizi 


lOmin 


15min 


20min 


In20, 


no detachment 


no detachment 


no detachment 


no detachment 


SnO, 


no detachment 


no detachment 


no detachment 


no detachment 


Nb,0. 


no detachment 


no detachment 


no detachment 


no detachment 


MffO 


no detachment 


no detachment 


no detachment 


no detachment 


ITO 


no detachment 


no detachment 


no detachment 


no detachment 


ZnO, 


no detachment 


no detachment 


no detachment 


no detachment 


SiOo 


no detachment 


no detachment 


no detachment 


no detachment 


TiO, 


no detachment 


no detachment 


no detachment 


no detachment 


Ta,0. 


no detachment 


no detachment 


no detachment 


no detachment 


ZrOo 


no detachment 


no detachment 


no detachment 


no detachment 


Si 


no detachment 


no detachment 


no detachment 


no detachment 


Ta 


no detachment 


no detachment 


no detachment 


no detachment 


Ti 


no detachment 


no detachment 


no detachment 


no detachment 


Mo 


no detachment 


no detachment 


no detachment 


no detachment 


Cr 


no detachment 


no detachment 


no detachment 


no detachment 


Al 


no detachment 


no detachment 


no detachment 


no detachment 
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Table 7 



iYiaieriai 


wavelength 


wavelength 


wavelength 


wavelength 


wavelength 








C AA A A 


c c f\ f\r\ 

550.00 


565.00 




nm 


nm 


nm 


nm 


"nm 






i ClJlCL/liUii 


1 CIICL/LIUII 




renecxion 




index 




inHpY 




index 




(%) 
















07 70 


Q7 on 


OC C\f\ 


Agr'Q 




Oyl A^ 


95.12 


95.32 


95.42 


AgPdCu 


91.50 


92.40 


93.60 


94.10 


93.36 


AgPdTi 


88.90 


90.59 


91.62 


91.81 


91.90 


AgPdCr 


88.40 


90.08 


91,11 


91.29 


91.38 


AgPdTa 


88.30 


89.98 


91.00 


91.19 


91.28 


AgPdMo 


88.00 


89.67 


90.69 


90.88 


90.97 


AgPdNi 


88.20 


89.77 


90.89 


90.98 


91.17 


AgPdAl 


88.90 


90.49 


91.61 


91.70 


91.79 


AgPdNb 


88.80 


90.38 


91.51 


91.60 


91.79 


AgAu 


92.80 


94.56 


95.64 


95.83 


95.93 


AgAuCu 


92.46 


94.22 


95.29 


95.48 


95,58 


AgAuTi 


88.44 


90.12 


91.15 


91.33 


91.43 


AgAuCr 


88.56 


90.24 


91.27 


91.46 


91.55 


AgAuTa 


88.30 


89.98 


91.00 


91.19 


91.28 


AgAuNi 


88.00 


89.67 


90.69 


90.88 


90.97 


AgAuMo 


88.10 


89.77 


90.80 


90.98 


91.07 


AgAuPd 


89.00 


90.69 


91.72 


91.91 


92.00 


AgAuAl 


88.70 


90.39 


91.41 


91.60 


91.69 


AgAuNb 


88.60 


90.28 


91.31 


91.50 


91.59 


AgRu 


89.00 


90.69 


91.72 


91.91 


92.00 


AgRuCu 


88.45 


90.13 


91.16 


91.34 


91.44 


AgRuTi 


88.34 


90.02 


91.04 


91.23 


91.32 






00 


01 ASt 


y 1 .oo 


yl.io 


AgRuTa 


88.23 


89.91 


90.93 


91.12 


91.21 


AgRuNi 


87.80 


89.47 


90.49 


90.67 


90.76 


AgRuMo 


88.44 


90.12 


91.15 


91,33 


91.43 


AgRuPd 


87.67 


89.34 


90.35 


90.54 


90.63 


AgRuAl 


88.97 


90.66 


91.69 


91.88 


91.97 


AgRuNb 


87,98 


89.65 


90.67 


90.86 


90.95 



[0085] Particularly, the base films of Ti02, Ta205, Zr02, 
In203, Sn02^ Nb205, and Mg had high refraction indices 
and low absorptivit ies , as represented by In203-Nb205 in 
Table 8. Changes in optical characteristics based on 
the refraction index were prevented in these films. 
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Table 8 



1 


In203- 
15wt%Nb2 
O5 


InzOg- 
I2.5wt%Nb2 
O5 


InsOa- 
10wt%Nb2O 
5 


In203- 
7.5wt%Nb2 
O5 


In203- 
5wt%Nb205 




refraction 
index 


refraction 
index 


refraction 
index 


refraction 
index 


refraction 
index 


400 


2.34 


2.32 


2.34 


2.30 


2.34 


450 


2.26 


2.25 


2.26 


2.23 


2.26 


500 


2.22 


2.21 


2.21 


2.18 


2.20 


550 


2.19 


2.18 


2.18 


2,16 


2.17 


560 


2.19 1 2.18 


2.17 


2.15 


2.17 



Example 5 

[0086] The effect of a coating layer on heat resistance 
and reflection index of the reflecting layer was 
examined. On the conventional Ag reflecting layers 
(pure Ag or binary Ag alloy) or the ternary reflecting 
layers of the present invention, a coating layer that 
includes InaOs as a main component and at least one of 
Sn02, Nb205, Si02, MgO and Ta205 was deposited to form a 
laminate. The laminate was annealed at the temperature 
250 which is the temperature applied to the 

substrate during the manufacturing process of the 
liquid crystal display device. 

[0087] Without a coating layer, the optical absorptivity 
of reflecting layer increased after annealing, which 
led to deterioration of the layer, as shown in Table 9. 
The experimental data of optical absorptivity when the 
coating layer was used for heat resistance were shown 
in Tables 10 to 12. 
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Table 9 



without a coating layer 



Material 


anneal 




as-depo 




wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
icngtli 

550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 




absorp- 
tivity 


absorp- 
tivity 


absorp- 
tivity 

(A) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


pure Ag 


5.2 


3.6 


2.8 


2.8 




J 


7 
J .z 


7 1 


z.o 


1 Q 
I .O 


AgPd 


6.4 


5.5 


6.3 


5.5 


5 1 

J • X 


6 0 

\Jt\J 


f 7 
J .z 


O. 1 


J .4 


O.U 


AgPdCu 


6.6 


5.7 


6.5 


5.8 


J.J 


tl, J 


J.U 


1^ 7 


^ 7 


0.1 


AgPdTi 


6.9 


5.9 


6.6 


5.7 


< < 

J.J 


7 


J . o 


fi. A 


< < 
J.O 


O.J 


AgPdCr 


6.8 


5.9 


6 5 


S 7 
J . / 


J.J 


0.0 


^ ft 

J.O 


O.J 




5.0 


AgPdTa 


6.6 


5.8 


6.6 


J .o 


^ '\ 
J.J 


(\ A 


J.J 


O.J 


0.0 


0.0 


AgPdMo 


6.8 


6.9 


6 4 


J .J 


c ^ 
J.J 


o.o 


A 7 
O. / 


0.3 


0.0 


5.2 


AgPdNi 


6.7 


5.7 




J.J 


A 


D.4 


J. / 


o.y 


0.5 


5.1 


AgPdAl 


6.6 


6 6 




c ^ 
J.J 




O.D 


O.D 


0.2 


5.5 


5.1 


AgPdNb 


6.7 


. o 


O.J 


^ 7 

J. / 


J. 1 


O.D 


D, / 


6.3 


5.4 


4.9 


AgAu 


6.3 






^ 

J.J 


j.U 


O.U 


1 


6.0 


5.2 


5.0 


AgAuCu 


7.4 


6 7 


7 9 


A 7 


o.z 


1 

/. 1 


O.O 


7.0 


6.1 


6.0 


AgAuTi 


6.6 


J . o 


A 


J. / 




0.4 


5.2 


6.3 


5.6 


5.2 


AeAuCr 


6.8 




o,o 


J.O 


O.J 


o. / 


5.6 


0.4 


5.6 


5.3 


AgAuTa 


6.9 




O.J 


^ 7 
J. / 


J.J 


O.o 




6.3 


5.6 


5.2 


AgAuNi 


6.8 


5.9 


V.J 


^ 7 
J . / 


J. -4 


O.J 


o.o 


1 

O.l 


5.6 


5.2 


AgAuMo 


6.7 


6.8 


U .H" 


J.O 


< >1 

J.M- 


o.o 


o, / 


0.3 


5,5 


5.2 


AgAuPd 


7.5 


6.3 


7 ^ 
/ .J 


O.J 


o.z 


/. 1 


< 1 

0. 1 


/.O 


6.2 


6.0 


AgAuAl 


6.7 


6.7 


6 S 

V.J 


J .o 


A 

J .H 


o.o 


O.J 


O.J 


c c 
0.0 


5.2 


AgAuNb 


6.8 


5.9 


6 4 


S 7 
J . / 


^ 7 
j.Z 


O.O 


J.O 


O.J 


0.5 


5.0 


AgRu 


6.3 


5.4 


6.2 


5.3 


5.2 


6.1 


5.1 


6.0 


5.3 


J > 1 


AgRuCu 


6,8 


5.9 


6.4 


5.7 


5.2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuTi 


6.7 


5.9 


6.5 


5.6 


5.2 


6.6 


5.8 


6.3 


5.5 


5.0 


AgRuCr 


6.7 


5.9 


6.6 


5.7 


5.3 


6.5 


5.7 


6.3 


5.5 


5.0 


AgRuTa 


6.5 


5.8 


6.7 


5.7 


5.2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuNi 


7.3 


6.6 


7.5 


6.3 


6,3 


7.1 


6.4 


7.0 


6.1 


6.0 


AgRuMo 


7.3 


6.8 


7.3 


6.2 


6.2 


7.1 


6.3 


7.1 


6.1 


6.0 


AgRuPd 


6.7 


6.8 


6.4 


5.5 


5.3 


6.6 


6.6 


6.2 


5.4 


5.2 


AgRuAl 


6.8 


6.9 


6.4 


5.6 


5.3 


6.6 


6.7 


6.3 


5.5 


5.2 


AgRuNb 


6,8 


6.9 


6.3 


5.6 


5.4 


6.5 


6.6 


6.1 


5.5 


5.2 
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Table 10 



SiOz/Ag alloy 



A /To 't' a-ft o 1 

iViaicriai 





nneal 


Si02 as-depo 


w a vc- 

length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 

•.f\j\j IX 111 


wave- 
length 

J jv mil 


wave- 
length 
565 nm 


wave- 
length 

■^uu nm 


wave- 
length 

4DU nm 


wave- 
length 
5U0 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%) 


absorn- 
tivity 

(%) 


tivity 

(%) 


tivity 

(%) 


au&urp- 
tivity 

(%)□ 


absorp- 
tivity 


absorp- 
tivity 
(%) 


pure Ag 




11.65 


4.92 


4.72 


5.02 


34.5 


16.64 


5.81 


5.71 


5.05 


Agra 


26.8 


12.59 


5.68 


5.23 


6.96 


27.8 


14.59 


8.68 


6.23 


8.98 


AgrClCu 


T7 Art 

27.09 


13.06 


8.94 


6.77 


6.28 


35.8 


18.64 


11.91 


8.74 


8.05 


AgPdTi 


36.5 


17.54 


11.45 


8.58 


7.59 


36.8 


17.68 


11.85 


8.76 


8.00 


AgPdCr 


35.5 


18.45 


10.59 


8.58 


7.96 


35.9 


18.65 


10.69 


8.75 


8.04 


AgPdTa 


36.1 


18.44 


11.34 


8.50 


7.58 


36.2 


18.54 


11.54 


8.54 


8.02 


AgPdMo 


36.4 


18.57 


11.15 


8.41 


7.21 


36.5 


18.67 


11.59 


8.45 


7.25 


AgPdNi 


35.78 


18.21 


11.07 


8.29 


7.37 


36.29 


18.55 


10.94 


8.25 


7.11 


AgPdAl 


35.89 


18.15 


10.8 


8.33 


7.64 


36.58 


18.41 


11.39 


8.42 


7.76 


AgPdNb 


35.88 


18.13 


10.86 


8.29 


6.93 


36.99 


18.53 


11.08 


8.26 


7.1 


AgAu 


26.2 


12.31 


5.50 


5.10 


7.99 


27.7 


14.45 


8.52 


6.12 


8.85 


AgAuCu 


36.1 


17.53 


11.45 


8.58 


7.25 


36.5 


18.66 


11.25 


8,25 


7.36 


AgAuTi 


35.4 


18.40 


10.59 


8.58 


7.96 


36.3 


17.67 


11.80 


8.73 


8.00 


AgAuCr 


36.0 


18.32 


11.34 


8.50 


7.58 


36.2 


18.64 


10.25 


8.75 


8.04 


AgAuTa 


36.3 


18.44 


11.15 


8.41 


7.21 


36.5 


18.53 


11.55 


8.54 


8.00 


AgAuNi 


36.0 


18.31 


11.32 


8.50 


7.58 


36.4 


18.66 


11.20 


8.41 


7.25 


AgAuMo 


36.0 


18.35 


11.58 


8.50 


7.58 


36.8 


17.65 


11.84 


8.73 


8.00 


AgAuPd 


36.3 


18.58 


11.14 


8.41 


7.21 


37.0 


18.61 


10.21 


8.74 


8.02 


AgAuAl 


36.1 


18.24 


11.05 


8.45 


7.85 


36.7 


18.51 


11.52 


8.56 


8.00 


AgAuNb 


36.1 


18.25 


11.11 


8.41 


7.14 


37.1 


18.62 


11.21 


8.41 


7.24 


AgKU 


ZD. J 


12.45 


5.55 


5.25 


7 96 


01 7 

At 1 , t 


1 4 

1 ^.oy 


O. / J 


o, Jo 


8.99 


AgRuCu 


36.0 


17.52 


11.45 


8.58 


7.25 


36.4 


17.66 


11.81 


8.73 


7.56 


AgRuTi 


35.3 


18.49 


10.59 


8.58 


7.96 


36.2 


18.64 


10.24 


8.75 


7.35 


AgRuCr 


35.8 


18.30 


11.34 


8.50 


7.58 


36.1 


18.52 


11.55 


8.54 


8.00 


AgRuTa 


36.2 


18.42 


11.15 


8.41 


7.21 


36.4 


18.65 


11.21 


8.42 


7.52 


AgRuNi 


36.1 


18.35 


11.33 


8.50 


7.58 


36.9 


17.64 


11.84 


8.71 


8.01 


AgRuMo 


36.1 


18.34 


11.58 


8.50 


7.58 


36.8 


18.60 


10.22 


8.72 


8.02 


AgRuPd 


36.2 


18.59 


11.28 


8.41 


7.21 


37.1 


18.50 


11.51 


8.51 


7.96 


AgRuAl 


36.3 


18.55 


11.18 


8.41 


7.21 


36.5 


18.61 


11.20 


8.42 


7.24 


AgRuNb 


36.5 


18.24 


11.11 


8.41 


7.21 


37.2 


18.41 


10.12 


8:85 


8.12 
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Table 11 



In203-15Nb205/Ag alloy 



Material 


Hi-R anneal 


Hi-R as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length ' 
565 nm 


absorp- 
tivity 


absorp- 
tivity 


absorp- 
tivity 
i/oj 


absorp- 
tivity 

(/o) 


absorp- 
tivity 
(/o) 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%I_J 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


pure Ag 


13.27 


3.48 


2.57 






1 Q R4 


7 0"^ 
/ .KJj 


J.Z i 


4.Zo 


4.24 


AgPd 


15.77 


5.34 








77 1 ^ 


R R*? 

O.O J 




D.ov 


5.78 


AgPdCu 


16 57 


6 24 


4 67 


f.uo 


A AQ 


77 RO 


y,oy 




O.jO 


6.43 


AgPdTi 


19.17 


9.16 


7 64 




7 A1 


0 ^ 90 


1 Z.J 1 


o.ZD 


y.47 


9.35 


AgPdCr 


19 67 


9.72 


8 51 




R rtA 


7^ 7^ 




O.OZ 


1 A AO 

10.03 


9.91 


AgPdTa 


19.77 


9.84 


O . J ^ 


R 'XA 


R 1 ^ 


ZD.oO 


1 T 1 


o,yj 


1 A t A 

10.14 


10.02 


AgPdMo 


20 07 


10 17 


J? 67 


R AR 


R 


ZO. iZ 


1 7 yl C 

1 J.4o 


y.z / 


1 A yl O 

10.48 


10.36 


AgPdNi 


X 7 > O ^ 


1 0 07 




R 47 




ZO.U 1 




O A 1 

y.ui 


10.33 


10.22 


AgPdAl 


19 16 






7 7^ 




ZD. JO 


1 O 

lz.03 


O.30 


9.56 


9.34 


AgPdNb 






7.73 


7.87 


7.6 


25.46 


12.74 


8.46 


9.66 


9.54 


AgAu 


15.27 


4.78 


3.18 


3.19 


3.00 


21.69 


8.28 


3.82 


5.10 


4.98 




15.61 


5.16 


3.57 


3.58 


3.39 


22.00 


8.65 


4.21 


5.48 


5,36 


AgAuTi 


19.63 


9.68 


8.17 


8.18 


7.99 


25.72 


13.01 


8.78 


9.99 


9.87 


A rr A ii/^T 


19.51 


9,54 


8.03 


8.04 


7.86 


25.61 


12.88 


8.64 


9.85 


9.73 


A a A nXc* 
/\gr\U la 


19.77 


9.84 


8.33 


8.34 


8.15 


25.85 


13.16 


8.93 


10.14 


10.02 


A rr An "^T i 
/\g/\ UlN 1 


20.07 


10.17 


8.67 


8.68 


8.50 


26.12 


13.48 


9.27 


10.48 


10.36 


A (T A iiA^rt 
/A.g,/\ UIVIO 


19.97 


10.06 


8.56 


8.56 


8.38 


26.03 


13.37 


9.16 


10.37 


10.25 


A rr A ii'PH 


19.07 


9.05 


7.53 


7.54 


7.35 


25.20 


12.40 


8.14 


9.36 


9.24 


A 0° A 1 1 A 1 


19.37 


9.39 


7.87 


7.88 


7.70 


25.48 


12.72 


8.48 


9.70 


9.58 


A cr A n^rh 


1 Q 47 


0 so 


7 QSl 




TCI 


ZJ.3 / 


12.53 


8.59 


9.81 


9.69 


AgRu 


19.07 


9.05 


7.53 


7.54 


7.35 


25.20 


12.40 


8.14 


9.36 


9.24 


AgRuCu 


19.62 


9.67 


8.16 


8.16 


7.98 


25.71 


12.99 


8.76 


9.98 


9,86 


AgRuTi 


19.73 


9.79 


8.28 


8.29 


8.11 


25.81 


13.11 


8.89 


10.10 


9.98 


AgRuCr 


19.31 


9.32 


7.80 


7.81 


7.63 


25.42 


12.66 


8.41 


9.63 


9.51 


AgRuTa 


19.84 


9.92 


8.41 


8.42 


8.23 


25.91 


13.23 


9.01 


10.22 


10.10 


AgRuNi 


20.27 


10,40 


8.90 


8.91 


8.73 


26.31 


13.70 


9.50 


10.70 


10.58 


AgRuMo 


19.63 


9.68 


8.17 


8.18 


7.99 


25.72 


13.01 


8.78 


9.99 


9.87 


AgRuPd 


20.40 


10.55 


9.05 


9.06 


8.88 


26.43 


13.84 


9.65 


10.85 


10.73 


AgRuAl 


19.10 


9.08 


7.56 


7.57 


7.39 


25.23 


12.43 


8.17 


9.39 


9,27 


AgRuNb 


20.09 


10.20 


8.69 


8.70 


8.52 


26.14 


13.50 


9.30 


10.50 


10.38 
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Table 12 



ITO/Ag alloy 



Material 


ITO anneal 


1 1 vj as-c 


epo 


wHve* 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


aDsorp 
tivit] 
(% 


dUoUxp 

ir tivit; 
(% 


f tivitj 

(% 


! tivitj 
) (%' 


flhsom- 
1 tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
<%) 


pure Ag 


15.56 


4.o7 


D.bo 


A CiA 

4.D4 


1 ft9 


ly.uo 


4 97 


1 77 

X. 1 1 


1 52 




Agra 




1 -Oil 


A AQ 


7 47 


4 7^ 


21.55 


7.23 


4.81 


4.57 


7.95 


A trPA rill 


18.86 


8.59 


7.40 


8.37 


5.66 


22.35 


8.18 


5.78 


5.54 


8.89 


xigx cixi 


21 46 


11.52 


10.37 


11.31 


8.68 


24.95 


11.26 


8.94 


8.71 


11.94 




21 96 


12.09 


10.94 


11.87 


9.27 


25.45 


11.85 


9.54 


9.31 


12.53 




99 06 


12.20 


11.05 


11.99 


9.38 


25.55 


11.97 


9.67 


9.44 


12.65 


AgirCLLYlO 




12.54 


11.40 


12.32 


9,73 


25.85 


12.32 


10.03 


9.80 


13.00 




99 14 


12 42 


11 15 

XX. xu 


12.11 


9.54 


25.74 


12.21 


9.77 


9.65 


12.86 


A rv'PrI A 1 


91 J.*? 


1 1 

X X. w 


10 37 


11 4 

XX 


8.64 


25.04 


11.4 


9.07 


8.83 


11.96 


AgJr aJN D 




Xx. r i7 




11 5.^ 


8,82 


25.14 


11.52 


9.19 


8.92 


12.14 


AgAu 


1 /.OO 


7 i<i 


^ Q9 


A QO 


4 15 

*±m XtJ 


21.05 


6.64 


4.20 


3.96 


7.36 


AgAuOu 


1 '7 on 




A ^n 


7 9Q 


4 S4 


21.39 


7.04 


4.61 


4.37 


7.76 


AgAuli 


01 Q9 


19 OJ. 


in RQ 


11 R.S 
XX. OO 


9.22 


25.41 


11.80 


9.50 


9.27 


12.48 


AgAuUr 


01 fin 


1 1 Q1 


in 7fi 

XU. / \J 


1 1 AQ 


Q 08 


25.29 


11.66 


9.35 


9.12 


12.34 


AgAu la 


99 06 


12 20 

XAf .AfV 


11 05 


11.99 


9.38 


25.55 


11.97 


9.67 


9.44 


12.65 


A A V 4 1 
AgAUXNl 


99 ^fi 


12 E4. 


11 40 


12 32 


9.73 


25.85 


12.32 


10.03 


9.80 


13.00 


AgAuMo 


99 26 


1^.43 


11.28 


12.21 


9.62 


25.75 


12.20 


9.91 


9.68 


12.88 




91 S6 


11 41 

xx.^x 


10.25 


11.19 


8.57 


24,85 


11.14 


8.82 


8.58 


11.83 


AcrAil A1 


91 66 

M X* vV/ 


11.75 


10.60 


11.53 


8.92 


25.15 


11.49 


9.18 


8.95 


12.18 


A <T A 11 ^^rfe 


21.76 


11.86 


10.71 


11.65 


9.03 


25.25 


11.61 


9.30 


9.07 


12.30 


A 0-17 11 


21.36 


11.41 


10.25 


11.19 


8.57 


24.85 


11.14 


8.82 


8.58 


11.83 




21 91 


12.03 


10.88 


11.82 


9.21 


25.40 


11.79 


9.48 


9.25 


12.47 


AgXvu X 1 


22.02 


12.15 


11.01 


11.94 


9.34 


25.51 


11.92 


9.62 


9.39 


12.60 


AcrRiirjr 


21.60 


11.68 


10.53 


11.47 


8.85 


25.09 


11.42 


9.11 


8.88 


12.11 


AgRuTa 


22.13 


12.28 


11.13 


12.06 


9.46 


25,62 


12.05 


9.75 


9.52 


12.73 


AgRuNi 


22.56 


12.76 


11.62 


12.55 


9.96 


26,05 


12.56 


10.27 


10.04 


13.23 


AgRuMo 


21.92 


12.04 


10.89 


11.83 


9.22 


25.41 


11.80 


9.50 


9.27 


12.48 


AgRuPd 


22.69 


12.91 


11.77 


12.70 


10.12 


26.18 


12.71 


10.43 


10.20 


13.39 


AgRuAl 


21.39 


11.44 


10.29 


11.23 


8.60 


24,88 


11.17 


8.85 


8.62 


11.86 


AeRuNb 


22.38 


12.56 


11.42 


12.35 


9.75 


25.87 


12.34 


10.05 


9.82 


13.02 



[0088] Table 11 showed that optical absorptivity of the 
reflecting layer was reduced much more after annealing in 
the reflecting layer with the coating layer of the present 
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invention than the reflecting layer without the coating 
layer. The In203-15 wt% Nb205 coating layer of the present 
invention in Table 11 had lower absorptivity than the Si02 
coating layer in Table 10 and the ITO coating layer in 
Table 12. 

[0089] Table 13 showed that the optical characteristics of a 
three-layer laminate that includes a base film, reflecting 
layer, and a coating layer after annealing at about 250 *C 
were similar to those in Tables 9 to 12 . The adhesion of 
the laminate was also as good as the laminate in Table 6. 
The three-layer laminate was superior in both optical 
characteristics and adhesion. 

[0090] The optical characteristics of the three-layer 
laminate was not impaired by through the use of the 
coating layer. On the contrary, when the coating layer 
including InjOg as a main component and 1-30 wt% NbjOs 
used, reflection index was increased by 1 %-6 % and the 
absorptivity yWas lowered after annealing at about 250 
InaOg. Table 14 showed that improved reflection index and 
good optical characteristics can be obtained even when the 
thinner coating layers are used. 



Table 13 

absorptivity 





In,0,-5wt% Nb,Os 




®no heating 


(2)150 


®300 °C 


56( 


5 lO.Sf 


10.24 


15.3 


564 


I lO-e-i 


r 10.04 


15.06 


55C 


) 9.3? 


t 8.82S 


13.6 


50C 


I 7.104 


[ 7.071 


8.297 


45C 


13.42 


14.38 


7.922 


4O0 


26.96 


27.49 


19.93 




In,Oa-10wt% Nb,OR 




(Dno heating 


(2)150 °C 


(D300 °C 




11.13 


12.39 


13.11 




10.91 


12.16 


12.88 




9.639 


10.71 


11.42 




7.113 


7.166 


7.236 


45Q 


12.72 


11.8 


9.97 


400 


27.29 


26.6 


24.28 




In,09-15wt% Nb,OB 




3)no heating 


2)150 "C 


®300 


566 


15.97 


18.42 


20.29 


564 


15.74 


18.17 


20.04 


550 


14.32 


16.69 


18.63 


500 


9.059 


10.57 


12.36 


450 


7.363 


7.168 


7.21 


400 


17.19 


16.56 


13.33 
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Table 14 



Change in reflection index of the reflecting layer with the change 



in thickness of the IngOs+NbgOs coating layer 



^ti^ickness 
A [nm] 


5 nm 


49 nm 


70 nm 


74 nm 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


after 
heating 


566 


92.99 


91 


85.61 


88.68 


83.15 


91.32 


95.27 


554 


92.91 


90.85 


85.62 


88.69 


83.18 


91.29 


95.28 


552 


92.84 


90.74 


85.63 


88.67 


83.2 


91.39 


95.28 


550 


92.92 


90.74 


85.69 


88.72 


83.35 


91.5 


95.33 


500 


90.88 


87.82 


85.22 


88.37 


83.56 


91.47 


95.13 


450 


85.71 


79.S3 


82.88 


85.02 


80.93 


87.77 


93.56 


400 


74.72 


70.22 


80.63 


84.96 


79.47 


85.35 


83.23 


^^'■tiiickness 
A [nm] 


85 nm 


90 nm 


' 100 nm 




before 
heating 


after 
heating 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


556 


86.8 


93.4 


81.44 


91.28 


83.36 


91.97 


554 


86.78 


93.36 


81.47 


91.29 


83.3 


91.97 


552 


86.81 


93.37 


81.5 


91.39 


83.31 


92.04 


550 


86.89 


93.43 


81.61 


91.52 


83.39 


92.14 


500 


86.02 


92.98 


81.96 


92.18 


81.36 


92.04 


450 


81.58 


88.19 


78.5 


88.9 


71.91 


87.01 


400 


74.11 


81.17 


68 


82.7 


39.88 


70.18 



[0091] The present examples and embodiments are to be 
considered as illustrative and not restrictive and the 
invention is not to be limited to the details given herein, 
but may be modified within the scope and equivalence of 
the appended claims . 



57 



APPENDIX B 

(VERSION OF SUBSTITUTE SPECIFICATION EXCLUDING CLAIMS 
WITH MARKINGS TO SHOW CHANGES MADE) 



HEAT-RESISTANT REFLECTING LAYER, LAMINATE FORMED OF THE 
REFLECTING LAYER, AND LIQUID CRYSTAL DISPLAY DEVICE HAVING 
THE REFLECTING LAYER OR THE LAMINATE 

BACKGROUND OF THE INVENTION 

rooOl] The present invention relates to a highly heat- 
resistant reflecting layer, which is used for producing a 
reflector or a reflective wiring electrode of a liquid 
crystal display device, a reflecting layer for building 
glass, a laminate, or a liquid crystal display device. 
More particularly, the present invention relates to an Ag- 
alloy reflecting layer that has a high reflection index, a 
laminate formed by the reflecting layer, and a liquid 
crystal display device having the reflecting layer or the 
laminate. 

r0002] Various materials are used for reflecting layers 
including a reflecting layer for producing a reflector or 
a reflecting ;(ft?iring electrode of a liquid crystal display 
device and a reflecting layer for building glass that 
reflects infrared rays and heat rays. In addition, 
laminates of the reflecting layers are developed to 
increase the reflection index and to improve the 
functionality of the products. The products of the 
reflecting layers, which have improved characteristics, 
have been used in various fields and for various 
applications . 

rQ003] Typical materials for the reflecting layers are Al, 
an Al alloy that includes Al as its main component, Ag, an 
Ag alloy that includes Ag as its main component (such as 
Ag-Pd) , and an Au alloy. The reflecting layers formed of 
such materials have high reflection index in the optical 
wavelength regions from 400 to 4000 nm, which include both 



visible and infrared regions . 

[00041 Al has high reflection index and is very inexpensive 
and useful. Al and an Al alloy are usually used for the 
5 reflector and the reflective wiring electrode of 

reflection-type liquid crystal display devices. Such 
liquid crystal display devices are used for portable 
terminal devices such as cellular phones. When an Al alloy 
is usedr problems associated with pure Al such as 

10 irregularities in the layer, which are called hillocks, 
and deterioration of the face of the reflector and the 
reflective wiring electrode can be overcome. When the 
reflection index of the reflector and the reflective 
wiring electrode is high, the electric power sent to the 

15 light source is reduced and the illuminance of the liquid 
crystal display device increases by about 20 %. 

[00051 Aq has the highest reflection index among many metal 
elements in the optical wavelength regions from 400 to 
20 4000 nm. Therefore, Ag has good characteristics for a 
reflecting layer. 

f00061 Among visible rays, infrared rays^ and ultraviolet 
rays that are emitted from the sun, Al, Al alloy, Ag, and 

25 Ag alloy transmit the visible rays and reflect the 

infrared rays and heat rays. The visible rays have direct 
relation with lighting. The reflection of the infrared 
rays and the heat rays is effective to prevent the outside 
rays from coming into a room. Therefore, the above 

30 materials are used for building glass such as windowpanes. 

[00071 However, conventional reflecting layers formed of Al, 
Al alloy, Ag, Ag alloy including Ag-Pd, Au, Au alloy, and 
reflectors, reflective wiring electrodes, and building 
35 glass that are formed of the reflecting layers have the 
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following problems. 



rooos] Al and an Al alloy are chemically unstable, A liquid 
resist, which is made of organic material,, is applied to 
the Al layer or the Al alloy layer, and a pattern is 
formed on the layer. When the patterned layer is washed 
with an alkali solution to remove the resist, the surface 
of the layer may become rough and lowering of the 
reflection index or scattering of the light on the surface 
may occur. In addition, Al may react with gas generated 
from a resin substrate when used with a resin substrate 
such as PMMA (polymethyl methacrylate) and silicone. Al 
can be used only with substrates that generate little gas 
and thus limits materials available for the substrates. 
There is a problem of chemical stability in Al-containing 
reflecting layers and resin substrates when they contact 
each other in use. 

r0009] Al and Al alloy have greater optical absorptivity 
than Ag and A^ alloy. Therefore, semi-transmissive 
reflecting layer formed of Al and Al alloy suffers optical 
loss. 

roOlOl Al. an Al alloy, Ag, and an Ag alloy have poor heat 
resistance. Diffusion of atoms is likely to occur on the 
surface of a reflecting layer formed of such materials in 
given temperatures. Particularly, Ag has high self- 
diffusion energy for heat and it changes over time when 
heat is applied. When heat causes the temperature of the 
reflecting layer to rise to about 100 X^, even if 
temporarily, diffusion of atoms will occur on the surface 
of the layer and the layer will lose luster and become 
dull- In other words, Ag's characteristic feature of high 
reflection index is impaired. Therefore, it is necessary 
to limit the temperature during the manufacturing process 



of a reflector for a liquid crystal display device when it 
is formed of Al or Ag . Further, an Al or Ag reflecting 
layer for building glass is thermally instable and 
chemically varies (e.g. changes in color) when exposed the 
warm air in summer. 

[0011] Al, Al alloy, Ag, and Ag alloy vary greatly over time 
with heat so that such materials cannot be exposed 
directly to air. Therefore, to ensure material stability 
of the reflecting layer, a heat-resistant protective layer 
such as ZnOs or a Zn02-Al203 composite oxide is generally 
needed. 

r00123 The reflecting layers formed of Al, Al alloy, Ag, 
and an alloy have very poor adhesion toward some 
substrates. In such combinations, the reflecting layer 
separates from the substrate immediately after it is 
deposited or after it is left on the substrate for a long 
time. To improve adhesion between the reflecting layer and 
the substrate, various base films must be positioned 
between them . 

r0013] The reflection index of Ag or Ag alloy is the highest 
in visible regions, i.e., the optical wavelength regions 
from 400 to 800 nm. However, in the wavelength regions 
below 450 nm, the absorptivity and absorption coefficient 
of Ag increase and the intensity of yellow reflected light 
is increased. Accordingly, a liquid crystal display device 
formed by a Ag-containing reflecting layer and a portable 
terminal device including the liquid crystal display 
device have a poor appearance and become yellow over time. 

r0014] Further, Ag is not superior in weather resistance. 
When left in the air, Ag absorbs moisture (especially 
water) in the air and turns yellow. Long after an Ag- 



containing reflecting layer is formed on the glass 
substrate or the resin substrate, Ag' s characteristic 
feature of high reflection index is impared. 

5 [0015] An Ag-Pd alloy including Ag and 1-3 wt% Pd, an Ag-Au 
alloy including Ag and 1-10 wt% Au, and an Ag-Ru alloy 
including Ag and 1-10 wt% Ru are well known as binary Ag 
alloys that have high corrosion resistance and high heat 
resistance. However, black stains are observed even in the 

10 alloy layers formed of these Ag alloys when a weatherproof 
test is conducted under high temperature and high humidity 
conditions. It is comfirmed under an optical microscope 
that the black stains are portions that turned black and 
were caused to protrude after Pd reached a limitation of 

15 solid solution with respect to H2 dissolution . When used 
as building glass, the above binary alloy lacks long-term 
stability in humid regions or when exposed to condensation 
droplets . 

20 100161 Ag-Au a^loy is well known as a stable alloy in which 
Ag and Au are perfectly mixed in solid states. The 
resistance of the Ag-Au alloy to halogen elements such as 
chlorine is not excellent. The Ag-Au alloy binds to 
chlorine or iodine in the air, which is introduced during 

25 the test, at atomic level, and produces the black stains. 

[00171 Aside from Al and Ag, Au is also known for its high 
reflection index. However, Au is very expensive and 
impractical to use for the reflector of a liquid crystal 
30 display device or the reflecting layer for building glass. 

SUMMARY OF THE INVENTION 



[00181 It is an object of the present invention to provide a 
35 reflecting layer that maintains a high optical reflection 

5 



index^ which is characteristic of Ag, and has improved 
material stability including heat resistance and weather 
resistance . 

[0019] It is another object of the present invention to 
provide a laminate including a coating layer that allows 
the laminate to maintain the high optical reflection index 
of an Ag-containing reflecting layer and to have lower 
absorptivity at short wavelengths. 

r00203 It is yet another object of the present invention to 
provide a laminate including a base film that enhances 
adhesion between an Ag-containing reflecting layer and a 
substrate - 

fQ0211 It is a further object of the present invention to 
provide a liquid crystal display device having the 
reflective layer or the laminate described above. 

r0022] A reflecting layer of the present invention 
comprises Ag as a main component, a 0.1-3.0 wt% first 
element selected from the group consisting of Au, Pd, and 
Ru, and a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti^. Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 
and Ru. The second element is different from the first 
element . 

r0023] One laminate comprises a substrate and a reflecting 
layer deposited on the substrate. The reflecting layer 
includes Ag as a main component, a 0.1-3.0 wt% first 
element selected from the group consisting of Au, Pd, and 
Ru, and a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 
and Ru. The second element is different from the first 
element . 



[00243 Another laminate comprises a substrate, a base film 
deposited on the substrate, and an Ag-containing 
reflecting layer deposited on the base film. The base film 
5 is made of at least one of Si, Ta, Ti, Mo, Cr, Al, ITO, 
ZnOj, SiOs/ Ti02^ Ta205, ZrOj, 10203, SnOs, Nb205, and MgO. 

[0025] Yet another laminate comprises an Ag-containing 
reflecting layer and a coating layer deposited on the 
10 reflecting layer. The coating layer includes In203 as a 
main component and at least one of SnOs, Nb205, SiOj, MgO, 
and TasOs- 

[0026] A liquid crystal display device including the 
15 reflective layer or the laminate described above and a 

portable terminal device having the liquid crystal display 
device are also provided. 

[0027lO ther aspects and advantages of the invention will 
20 become appare/it from the following description, taken in 
conjunction with the accompanying drawings, illustrating 
by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[00281 The invention, together with objects and advantages 
thereof, may best be understood by reference to the 
following description of the presently preferred 
embodiments together with the accompanying drawings in 
30 which: 

[00291 Fig. 1 is a perspective view of a portable terminal 
device including a liquid crystal display device. 

35 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

100301 An Ag-alloy reflecting layer of the present invention 
comprises : 

r00311 i) Ag as a main component; 

r0032] ii) a 0.1-3.0 wt% first element selected from the 
group consisting of Au, Pd, and Ru; and 

r00331 iii) a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 
and Ru, wherein the second element is different from the 
first element. 

r00341 The addition of Au, Pd, or Ru to Ag improves the 
weather resistance of Ag under high temperature and high 
humidity conditions. Ag, which is the main component, has 
very high thermal conductivity and tends to absorb heat 
and is quickly saturated with heat at the atomic level. Au, 
Pd, and Ru decrease the thermal conductivity of Ag and 
inhibit movement among atoms. Au, Pd, and Ru form whole 
solid solution. The content of Au, Pd, and Ru is 
preferably from 0.7 to 2.3 wt%, most preferably 0.9 wt%. 

100351CU, Ti, Cr, Ta, Mo, Ni, Al, and Nb, in combination 
with Au, Pd, and Ru, improve the heat resistance and 
weather resistance of the Ag-alloy reflecting layer. The 
content of Cu, Ti, Cr, Ta, Mo, Ni, Al, and Nb is 
preferably from 0.5 to 2.5 wt%, most preferably 1.0 wt%. 

ro0361 Without Cu, Ti, Cr, Ta, Mo, Ni, Al, or Nb, two or 
more of Au, Pd, and Ru may be contained in the reflecting 
layer to improve the heat resistance and weather 
resistance of the reflecting layer. 

rQ037] In the reflecting layer of the present invention, 
compared with reflecting layers of pure Al and pure Ag, 
movement of surface particles is poor. In other words, the 



self-diffusion energy of Ag upon heating is reduced in the 
reflecting layer of the present invention. Accordingly, 
the reflecting layer of the present invention resists 
self-diffusion, which improves heat resistance of the 
5 reflecting layer. The reflecting layer is heated during 
the manufacturing process or under a certain weather 
condition. In the reflecting layer of the present 
invention, a decrease in the reflection index is prevented. 
Specifically, when the reflecting layer is heated over 
10 100 °C, a visual change in the reflecting layer (to a dull 
white color) due to self-diffusion and an increase in 
light absorption due to deformation of the surface are 
prevented . 

15 f0038] The reflecting layer of the present invention has 
high heat resistance, a high reflection index, and is 
stable when exposed to alkaline organic materials. Further, 
the reflecting layer is chemically stable to gas emitted 
from a resin substrate. High heat resistance and 

20 reflection in/iex are required for a reflector or a 

reflective wiring electrode of the reflection-type liquid 
crystal display device and a heat-ray or infrared-ray 
reflecting layer for building glass. The reflecting layer 
of the present invention may be used for all of them. 

25 

r0039] The reflecting layer of the present invention may be 
produced either by sputtering or by deposition. The 
reflecting layer.s of the present invention are stable 
regardless of its manufacturing process and have stable 
30 characteristics for various purposes and for many kinds of 
substrates . 



r0040] A coating layer, which is highly heat-resistant, may 
be laid on the Ag-containing reflecting layer. The coating 
35 layer includes InjOa as a main component and at least one 
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of Sn02, NbjOs, Si02, MgO and Ta^O^' The reflecting layer 
may be of pure Ag or an Ag alloy. In either case, high 
reflection index of the reflecting layer is maintained and 
absorptivity at short wavelengths is reduced compared with 
5 a reflecting layer without a coating layer. 



r0041] The reflecting layer of the present invention, 
together with a resin substrate or a glass substrate, may 
form a laminate. When a resin substrate of specific purity 

10 or composition is used, a large amount of gas occurs. It 
is very likely that metal will react with the gas, and an 
unstable film, such as an oxide film, will form at the 
interface between the reflecting layer and the resin 
substrate,. In this case, metal oxide is better than a 

15 metal element for preventing reductive reaction. To 
eliminate the above disadvantage, a base film for 
promoting adhesion may be placed between the reflecting 
layer and the resin substrate or the glass substrate. 

20 r0042] The base film for a glass substrate may include Si, 
Ta, Ti, Mo, Cr, Al, ITO (the composite oxide of In oxide 
and Sn oxide), ZnOs, SiOs, TiOs, TasOs, ZrO^, iHsOg, Sn02, 
Nb205, or MgO. 

25 r0043] A base film that is made of" elemental metals such as 
Si, Ta, Ti, Mo, Cr, and Al may be formed by deposition (or 
evaporation), sputtering, CVD, or ion plating. These 
processes can be used consecutively in producing the base 
film and the Ag alloy reflecting layer, which facilitates 

30 the manufacture of the layers. 



100441a base film that is made of metal oxides such as ITO, 
Zn02, Si02, TiOs, Ta^O^^ ZrO^^ In203, Sn02, NbsOs, and MgO may 
also be formed easily by deposition, sputtering, or ion 
35 plating. For example, when an IR reflecting layer for a 
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windowpane is formed, a layer of the uniform reflection 
characteristics may be formed by any of the above 
processes . 

[00451 When the base film is placed under the reflecting 
layer, thermal stability of the laminate is ensured. The 
optical characteristics of the laminate are maintained 
regardless of the types of reflecting layers (whether pure 
Ag or an Ag alloy) . Even when the coating layer is laid on 
the reflecting layer, the thermal stability of the 
laminate is still ensured and the optical characteristics 
of the laminate are maintained regardless of the types of 
reflecting layers. 

[00461 The glass substrates for liquid crystal display 
devices and the glass substrate for building glass are 
large in size. For such substrates, a fine structure and 
accurate surface profile across the thickness are very 
important for the formed layers. Therefore, sputtering is 
preferred- W^en the base film is formed by sputtering, the 
atmosphere in the sputtering device is evacuated to form a 
stable base film. When the resin substrate is used, gas 
occurs during the evacuation and the vacuum level is not 
raised. Therefore, for the resin substrate, the deposition 
process is preferred. 

[00471 The base film for the resin substrate especially 
requires chemical stability. Thus, the base film for the 
resin substrate is preferably a thin film of metal oxide. 
When used with the reflecting layer of the present 
invention, the base film for the resin substrate 
preferably includes ITO, ZnOj, Si02f TiOj^ TajOj, ZrOs, 10203, 
SnOa/ NbsOs, or MgO, more preferably, ITO, ZnOj, SiOg, TiOs, 
TagOs, or ZrOj. 



r0048] To have the improved electrical characteristics of a 
reflective wiring electrode, a base film preferably 
includes a conductive metal oxide of ITO, ZrOz or a 
composite oxide about a thickness of 1-10 nm. This base 
5 film is highly insulative and volume resistivity of the 

laminate, which includes the Ag alloy reflecting layer and 
the base film, is substantially improved. Thus, the 
characteristics of the reflecting layer are maintained 
with the base film. 

10 

f0049l To inhibit the deterioration of optical 
characteristics such as the reflection index and the 
refraction index, a base film preferably includes SiOz, 
Ti02, la^Os, ZrOz, InaOa, SnO^, Nb^O^, or MgO. Since SiO^ 

15 absorbs less light at the optical wavelength regions from 
400 to 4000 nm, it can inhibit the deterioration of the 
reflection index due to the increase in absorptivity. 
Since TiOz, Ta205, ZrO^, In^O^, SnO^, Nb^Oj, and MgO have high 
refractive indices and low absorptivities, they are also 

20 preferred. 

roOSQ] When the base film is used, the degree of adhesion 
and the optical characteristics of the laminate are 
improved and the thermal stability of the laminate is 
25 maintained. The optical characteristics of the laminate 
are maintained regardless of the types of the reflecting 
layers (whether pure Ag or an Ag alloy) . Thus, the 
reflecting layers of the present invention achieve the 
best performance. 

30 

roosi] As shown in Fig.l, a portable terminal device 1 
includes a liquid crystal display device 2. The liquid 
crystal display device 2 is formed by a reflector on a 
lower glass substrate, a color filter, a polarizing layer, 
35 a liquid crystal layer, a polarizing layer, a transparent 



conductive layer, and an upper glass substrate, which are 
laminated in order. The laminate of the present invention, 
which serves as the reflector, is protected from alkaline 
materials generated during the manufacturing process of 
the color filter. The laminate has a higher reflection 
index and a lower optical absorptivity than the reflector 
of pure Al or an Al alloy, and a liquid crystal display 
device 2 having the laminate suffers less optical loss- 
The brightness of a liquid crystal display device 2 having 
the laminate of the present invention is greater than that 
of a liquid crystal display device having the reflector of 
pure Al or Al alloy. A portable terminal device 1 having 
such a liquid crystal display device 2 has an improved 
display* Therefore, the quality of the product is improved. 

Examples 

Comparison 

[00521 Ag-alloy reflecting layers were produced from the 
binary Ag alloys. Binary means two elements, i.e., Ag as a 
main component and Au, Pd or Ru. The content of Au, Pd or 
Ru was 0. 1-4,0 wt%. 

[0053] Firstly, an Ag target and a Pd target are installed 
in a magnetron sputtering apparatus. Electrical discharges 
to the Ag and Pd targets were controlled at the specific 
RF power. Ar (Argon) gas was selectively set within the 
range from 0.1 to 3.0 Pa. The two metal elements were 
simultaneously sputtered to form binary Ag-alloy layers 
that contain Pd at several different levels. Ag-alloy 
layers that contain Au or Ru at several different levels 
were also produced. 



[00541 Quartz substrates, which are 100 mmXlOO mmXl.l t 
in size, were used as a substrate. The temperature of the 



substrates during the sputtering process was room 
temperature (about 25 °C) . Using Ar gas as an exclusive 
sputtering gas in an high vacuum atmosphere where the 
ultimate vacuum level was 3X10E-6 Pa, the Ag-alloy layer 
5 was deposited on the quartz substrate so that the 
thickness of the layer was 20 nm. 

r0055] The reason for depositing the Ag-alloy layer in the 
high vacuum atmosphere is to prevent impure gas from 
10 staying in the layer and to make the layer compact* Thus, 
the desired characteristics of the Ag-alloy material are 
ensured . 

r0056] The resultant Ag-alloy layers were kept on a hot 
15 plate for about 2 hours. Then the layers were observed. 

The presence or absence of visual change (to a dull white 
color) in the layer surface and the time when the visual 
change occurred were examined. The hot plate was heated to 
250 at a heating rate of 20 °C/min by resistance heating. 
20 The reflectiqrti index of the Ag-alloy layers before and 

after heating was also examined. The results are shown in 
Table 1. 



Table 1 



Material 
composition 
(wt%) 


Surface state of the layer 
after heating at 250 °C 


The time 
when the 
visual 
change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength of 800 nm) 


Ag 


dull white color over the 
surface 


100 ''C 


-25 % 


Ag99.9Pd0.1 


dull white color over the 
surface 


100 ^^C 


-22 % 


Ag99.5Pd0.5 


dull white color over the 
surface 


100 ^'c 


-22 % 


Ag99.0Pdl.O 


dull white color over the 
surface 


120 "C 


-21 % 


Ag98.5Pdl.5 


dull white color over the 
surface 


120 "C 


-21 % 


Ag98.0Pd2.0 


dull white color over the 
surface 


130 "^C 


-20 % 


Ag97.5Pd2.5 


dull white color at the 


150 ""C 


-7.4 % (unchanged region 
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middle portion 




was measurpd^ 


Ag97.0Pd3.0 


weak white color around 
the middle portion 


150 °C 


-6.5 % (unchanged region 

was mpflsurpr!^ 


Ag96.5Pd3.5 


weak white color around 
the middle portion 


150 °C 


-6.1 % (unchanged region 

WAR mPflRllTpH^ 


Ag96.0Pd4.0 


weak white color around 

thp Tniddlp nm*tinn 


150 °C 


-6.1 % (unchanged region 

W *3lO llXC?CLoU.XCU./ 










Ag99.9Au0.1 


dull white color over the 


100 °C 


-22 % 


Ag99.5Au0.5 


dull white color over the 

fill vfst f*f^ 


100 °C 


-22 % 


Ag99.0Aul.O 


dull white color over the 


120 "C 


-21 % 


Ag98.5Aul.5 


dull white color over the 


120 °C 


-21 % 


Ag98.0Au2.0 


dull white color over the 
surface 


130 "C 


-21 % 


Ag97.5Au2.5 


dull white color at the 
middle portion 


150 °C 


-7,0 % (unchanged region 
was measured) 


Ag97.0Au3.0 


weak white color around 
the middle portion 


150 °C 


-6.5 % (unchanged region 
was measured) 


Ag96.5Au3.5 


weak white color around 
the middle portion 


150 °C 


-6.0 % (unchanged region 
was measured) 


Ag96.0Au4.0 


weak white color around 
the middle portion 


150 "C 


-6.0 % (unchanged region 
was measured) 










Ag99.9Ru0.1 


du^ white color over the 
suriace 


100 


-22 % 


Ag99.5Ru0.5 


dull white color over the 
suriace 


100 "C 


-22 % 


Ag99.0Rul.O 


dull white color over the 
suna.ce 


120 "C 


-21 % 


Ag98.5Rul.5 


dull white color over the 


120 °C 


-20 % 


Ag98.0Ru2.0 


dull white color over the 

on 1*TO 


130 "C 


-20 % 


Ag97.5Ru2.5 


dull white color at the 
middle nortion 


150 °C 


-7.4 % (unchanged region 

was Tnf^flj^uTf^H^ 


Ag97.0Ru3.0 


weak white color around 
the middle portion 


150 "C 


-6.5 % (unchanged region 
was measured) 


Ag96.5Ru3.5 


weak white color around 
the middle portion 


150 °C 


-6.1 % (unchanged region 
was measured) 


Ag96.0Ru4.0 


weak white color around 
the middle portion 


150 °C 


-6.1 % (unchanged region 
was measured) 



rQ057] As shown in Table 1, the visual change in the layer 
surface was not inhibited in the binary Ag-alloy layers 
including Au, Pd, or Ru as in the pure Ag layer. It was 

15 



supposed that these binary layers were not heat resistant 
and unstable when exposed to the outdoor temperatures and 
sun rays. The reflection index of the binary Ag-alloy 
layers after heating was improved by only 2 to 3 % 
5 compared with that of the pure Ag layer after heating. 
Therefore, no anti-surface diffusion effects due to the 
addition of Au, Pd, and Ru were confirmed. 

Example 1 



f 00581 A a-allov reflecting layers of the present invention 
were produced from the ternary Ag alloys. Ternary means 
three elements, i.e., Ag as a main component, a first 
element selected from the group consisting of Au, Pd, and 
5 Ru, and a second element selected from the group 

consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, and 
Ru. The second element is different from the first element. 
The contents of the first element and the second element 
were 0.1-3.0 wt%. 

I0059JL Firstly, targets of Ag target, the first element, and 
the second element are installed in a magnetron sputtering 
apparatus. The three metal elements were simultaneously 
sputtered to form Ag-alloy layers. 



[00601 A.s in the Comparison, quartz substrates, which were 
100 mmXlOO mmXl.l t in size, were used as a substrate. 
The temperature of the substrates during the sputtering 
process was kept at room temperature (about 25 °C) . Using 
Ar gas as an exclusive sputtering gas in an high vacuum 
atmosphere where the ultimate vacuum level was 3X1GE-6 Pa, 
the Ag-alloy layer was deposited on the quartz substrate 
so that the thickness of the layer was 200 nm. 



[00613 The resultant Ag-alloy layers were kept on a hot 



plate for about 2 hours. Then the layers were observed. 
The presence or absence of visual change (to a dull white 
color) in the layer surface and the time when the visual 
change occurred were examined. The reflection index of the 
Ag-alloy layers before and after heating was also examined. 
The results are shown in Table 2, 



/ 

/ 



Table 2 



Material 
composition 
(wt%) 


Surface state of the 
layer after heating at 
250 


The time the 
visual change 
occurred 


Differences of 
reflection index before 

and after heating 
(wavelength of 800 nm) 


Ac99.8Pd0.lCu0.1 


no change observed 


— 


-1.1 % 


Ag98.4PdO.lCu 1.5 


no change observed 


— 


-1.0 % 


Ag96.9Pd0.1Cu3,0 


no change observed 


— 


-1.0 % 


Aff98.4Pdl.5Cu0.1 


no change observed 


— 


-0.9 % 


Aff97.0Pdl.5Cul.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Cu3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Cu0.1 


no change observed 


— 


-1.0% 


Ag95.5Pd3.0Cu 1.5 


no change observed 


— 


-0.5 % 


Ag94.0Pd3.0Cu3.0 


no change observed 


— 


-0.4 % 


Ae99.8Pd0.1Ti0.1 


no change observed 


— 


-1.1 % 


Ae98.4Pd0.lTil.5 


no change observed 


— 


-1.0 % 


Ag96.9Pd0.1Ti3.0 


no change observed 


— 


-1.0 % 


Ae98.4Pdl.5Ti0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Til.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl,5Ti3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Ti0.1 


no change observed 


— 


-1.0 % 


Ag95.5Pd3.0Til.5 


no change observed 


— 


-0.5 % 


Ae94.0Pd3.0Ti3.0 


no change observed 


— 


-0.4 % 


Ag99.8PdO,lCr0.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.lCrl.5 


no change observed 


— 


-1.0% 


Aff96.9Pd0.lCr3.0 


no change observed 


— 


-1.0 % 


Ag98.4Pdl.5Cr0.1/ 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Crl.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Cr3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Cr0.1 


no change observed 


— 


-1.0 % 


Ag95.5Pd3.0Crl.5 


no change observed 


— 


-0.5 % 


Ae94.0Pd3.0Cr3.0 


no change observed 


— 


-0.4 % 


Ac99.8Pd0.lTa0.1 


no change observed 


— 


-1.1 % 


Aff98.4Pd0.1Tal.5 


no change observed 


— 


-1.0 % 


Aff96.9Pd0.lTa3.0 


no change observed 




-l.U /o 


Ag98.6Pdl.5Ta0.1 


no change observed 




-0.9 % 


Aff97.0Pdl.5Tal.5 


no change observed 




-0.7 % 


Ag95.5Pdl.5Ta3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.0Ta0.1 


no change observed 




-1.0 % 


Ae95.5Pd3.0Tal.5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Ta3.0 


no change observed 




-0.4 % 
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Table 2 Continued 



i — — 

Material composition 
(wt%) 


layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength of 800 nm) 


AK98.4PdO*lNi0.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.1Nil.5 


no change observed 


— 


-1.0 % 


AR96.9Pd0.lNi3.0 


no change observed 


— 


-1.0 % 


Ag98.4Pdl.5Ni0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Nil.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Ni3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Ni0.1 


no change observed 


— 


-1.0 % 


Ag95.5Pd3.0Nil.5 


no change observed 


— 


kO.5 % 


Ag94.0Pd3.0Ni3.0 


no change observed 


— 


-0.4 % 


Ag99.8Fd0.1A10.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.1A11.5 


no change observed 


— 


-1.0 % 


Ag96.9Pd0.1A13.0 


no change observed 


— 


-1.0 % 


Ae98 4Pdl.5A10.1 


no change observed 





-0.9 % 


Ag97.0Pdl.5All. 5 


no change observed 


_ 


-0.7 % 


Ag95.5Pdl.5A13.0 


no change observed 





-0.7 % 


Aff96 9Pd3 OAlO.l 


no change observed 




-1.0 % 


Ag95.5Pd3.0All. 5 


no change observed 





-0.5 % 


AK94.0Pd3.0A13.0 


no change observed 





-0.4 % 


Ag99.8Pd0.lNb0.1 


no change observed 





-1.1 % 


Ag98.4Pd0.1Nbl.5 


no change observed 


— 


-1.0 % 


AB96.9Pd0.1Nb3.0 


no change observed 




-1.0 % 


Ae98.4Pdl.5Nb0.1/ 


no change observed 




-0.9% 


Ae97.0Pdl.5Nbl.s' 


no change observed 




-0.7 % 


AK95.5Pdl.5Nb3.0 


no change observed 




-0.7 % 


Ae96.9Pd3.0Nb0.1 


no change observed 




-1.0 % 


Ag95.5Pd3.0Nb 1.5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Nb3.0 


no change observed 




-0.4% 
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Table 2 Continued 



IVXtxliKil. La.x 

comp osition 
(wt%) 


Surface state of the 
layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
(wavelength of 800 
nm) 


Ag99.8Pd0.lMo0.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.lMol.5 


no change observed 


— 


-1.0 % 


Ag96.9Pd0.lMo3.0 


no change observed 


— 


-1.0 % 


Ag98.4Pdl.5Mo0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Mol.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Mo3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Mo0.1 


no change observed 


— 


-1.0% 


Ag95.5Pd3.0Mol.5 


no change observed 


— 


-0.5 % 


Ag94.0Pd3.0Mo3.0 


no change observed 


— 


-0.4 % 


Ag99.8Pd0.lAu0.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.1Aul.5 


no change observed 


— 


-1.0 % 


Ag96.9Pd0.1Au3.0 


no change observed 


— 


-1.0 % 


Ag98.4Pdl.5Au0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Au 1.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Au3.0 


no change observed 


— 


-0.7 % 


Ae96.9Pd3.0Au0.1 


no change observed 


— 


-1.0 % 


Ag95.5Pd3.0Au 1.5 


no change observed 


— 


-0.5 % 


Ag94.0Pd3.0Au3.0 


no change observed 


— 


-0.4 % 


Ag99.8Au0.lRu0.1 


no change observed 


— 


-1.0 % 


Ag98.4Au0.1Rul.5 


no change observed 


— 


-0,8 % 


Ag96.9Au0.lRu3.0, 


no change observed 


— 


-0.5 % 


Ag98.4Aul.5Ru0.1 


no change obseirved 


— 


-1.0 % 


Ag97.0Aul.5Rul.5 


no change observed 


— 


-0.3 % 


Ag95.5Aul.5Ru3.0 


no change observed 


— 


-0.6 % 


Ag96.9Au3.0Ru0.1 


no change observed 


— 


-o:8 % 


Ag95.5Au3.0Rul.5 


no change observed 


— 


-0.5 % 


Ag94.0Au3.0Ru3.0 


no change observed 


— 


-0.8 % 


AB99.8Pd0.1Ru0.1 


no change observed 


— 


-1.0 % 


Ag98.4Pd0.1Rul.5 


no change observed 


— 


-0.9 % 


Ag96.9Pd0.lRu3.0 


no change observed 




-1.0 % 


Ag98.4Pdl.5Ru0.1 


no change observed 




-0.9 % 


Ag97.0Pdl.5Rul.5 


no change observed 




-0.8 % 


Ag95.5Pdl.5Ru3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.0Ru0.1 


no change observed 




-1.0% 


Ag95.5Pd3.0Ru 1.5 


no change observed 




-0.6 % 


Ag94.0Pd3.0Ru3.0 


no change observed 




-0.4 % 
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AgAuXb Table 2 Continued 



iviatenai 
f»mn n nsi "t".! on 
(wt%) 


Otlll«.Cfc: O I/O. be KJl. bllC 

layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
(wavelength of 800 
nm) 


Ag99,8Au0.1Cu0.1 


no change observed 


— 


-0.9 % 


Ag98.4Au0.1Cul.5 


no change observed 


— 


-0.8 % 


Ag96.9Au0.1Cu3.0 


no change observed 


— 


-0.8 % 


Ag98.4Aul,5Cu0.1 


no change observed 


— 


-0.7 % 


Ag97,0Aul.5Cul.5 


no change observed 


— 


-0.6 % 


Ag95.5Aul.5Cu3.0 


no change observed 


— 


-0.5 % 


Ag96.9Au3.0Cu0.1 


no change observed 


— 


-0.8 % 


Ag95.5Au3.0Cul,5 


no change observed 


— 


-0.5 % 


Ag94.0Au3.0Cu3.0 


no change observed 


— 


-0.6 % 


Ag99.8AuO-lTi0.1 


no change observed 


— 


-0.9 % 


Ag98.4Au0.1Til.5 


no change observed 


— 


-0.6 % 


Ag96.9Au0.1Ti3.0 


no change observed 


— 


-0.3 % 


Ag98.4Aul.5Ti0.1 


no change observed 


— 


-0.5 % 


Ag97.0Aul.5Til.5 


no change observed 


— 


-0.8 % 


Ag95.5Aul.5Ti3.0 


no change observed 


— 


-0.6 % 


Ag96.9Au3.0Ti0.1 


no change observed 


— 


-0.9 % 


Ag95.5Au3.0Til.5 


no change observed 


— 


-1.1 % 


Ag94.0Au3.0Ti3.0 


no change observed 


— 


-1.0 % 


Ag99.8Au0.lCr0.1 


no change observed 


— 


-0.8 % 


Ag98.4Au0.1Crl.5 


no change observed 


— 


-1.0 % 


Ag96.9Au0.1Cr3.0/ 


no change observed 


— 


-0.6 % 


Ag98.4Aul.5Cr0.1 


no change observed 


— 


-0.9 % 


Ag97,0Aul.5Crl.5 


no change observed 


— 


-0.4 % 


Ag95.5Aul.5Cr3.0 


no change observed 


— 


-1.1 % 


Ag96.9Au3.0Cr0.1 


no change observed 


— 


-0.8 % 


Ag95.5Au3.0Crl.5 


no change observed 


— 


-0.9 % 


Ag94.0Au3.0Cr3.0 


no change observed 


— 


-0.7 % 


Ag99.8Au0.1Ta0.1 


no change observed 


— 


-0.5 % 


Ag98.4Au0.1Tal.5 


no change observed 


— 


-0.6 % 


Ag96.9Au0.1Ta3.0 


no change observed 




-1.1 % 


Ag98.6Aul.5Ta0.1 


no change observed 




-0.4 % 


Ag97.0Aul.5Tal.5 


no change observed 




-0.9 % 


Ag95.5Aul.5Ta3.0 


no change observed 




-0.8 % 


Ag96.9Au3.0Ta0.1 


no change observed 




-0.5 % 


Ag95.5Au3.0Tal.5 


no change observed 




-1.0 % 


Ag94.0Au3.0Ta3.0 


no change observed 




-0.6 % 
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Table 2 Continued 



Material 
comp osition 

^ W h /O J 


burtace state oi tiie 
laysr aiter neatiiig di 


JL lit? l/lillC bilC 

visual change 
occurred 


jjiiiereiiv^eo oi 
T»fi-npnf,Tr)n index beforp 

X w vXV/ AX XXXIiXx^^cV h^^^XVXVi^ 

and after heating 
(wavelength of 800 
nm) 


Ag99.8Au0.1Mo0.1 


no change observed 


— 


-0.7 % 


Ag98.4Au0.lMol.5 


no change observed 


— 


-1.1 % 


Ag96.9Au0.lMo3.0 


no change observed 


— 


-0.8 % 


Ag98.4Aul,5Mo0.1 


no change observed 


— 


-0.4 % 


Ag97.0Aul.5Mo 1.5 


no change observed 





-0.8 % 


Ag95.5Aul.5Mo3.0 


no change observed 





-0.3 % 


Ag96.9Au3.0Mo0.1 


no change observed 




-0.9 % 


Ag95.5Au3.0Mol.5 


no change observed 




-1.1 % 


Ag94.0Au3.0Mo3.0 


no change observed 




-1.0 % 


Ag99.8AuO. iNiO. 1 


no change observed 




-0.5 % 


Ap98 4AuO lNil.5 


no change observed 





-1.1 % 


Ag96.9AuO. lNi3.0 


no change observed 


_ 


-0.8 % 


Acr98 4Aul 5Ni0.1 


no change observed 




-0.4 % 


Ak97 .OAu 1 . 5Nil . 5 


no change observed 


_ 


-1.0 % 


Ag95.5Aul.5Ni3.0 


no change observed 


, 


-0.7 % 


Ae96 9Au3.0Ni0.1 


no change observed 





-0.9 % 


Aff95 5Au3.0Nil.5 


no change observed 





-0.6 % 


Ag94.0Au3,0Ni3.0 


no change observed 


_ 


-0.8 % 


Ag99.8AuO- lAlO. 1 


no change observed 




-1.09 % 


Ag98.4AuO. lAl 1 . 5 


no change observed 





-1.1 % 


Ag96.9AuO. 1A13.0 / 


no change observed 




-0.7 % 


Ag98.4Aul.5A10.1' 


no change observed 




-0.9 % 


Ag97.0Aul.5Al 1.5 


no change observed 





-0.5 % 


Ag95.5Aul.5A13.0 


no change observed 





-0.4 % 


Ag96,9Au3.0A10.1 


no change observed 




-0.8 % 


Ag95.5Au3.0AI1.5 


no change observed 


— 


-1.0% 


Ag94.0Au3.0A13.0 


no change observed 




-1.1 % 


Ag99.8Au0.lNb0.1 


no change observed 




-1.1 % 


Ag98.4Au0.lNbl.5 


no change observed 


— 


-1.0 % 


Ag96.9Au0.1Nb3.0 


no change observed 




-0.9 % 


Ag98.4Aul.5Nb0.1 


no change observed 




-0.8 % 


Ag97.0Aul.5Nbl.5 


no change observed 




-0.7 % 


Ag95.5Aul.5Nb3.0 


no change observed 




-0.8 % 


Ag96.9Au3.0Nb0.1 


no change observed 




-1.0 % 


Ag95.5Au3.0Nbl. 5 


no change observed 




-0.4 % 


Ag94.0Au3.0Nb3.0 


no change observed 




-0.4 % 
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AgRuX Table 2 Continued 



Material 
composition 
(wt%) 


Surface state of the 
layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and alter heating 
^^waveiengtn oi ouu 
nm) 




no cnange oDservea. 




-0.9 % 


ArrQQ /iPiiH iPnl 


no cudn^c uuocivtju. 




-0.8 % 


Agyb.yivuu.iv^uo.u 


no cnange ouserveu 




-0.7 % 


Agy o *4Ku i . oouu . 1 


no change observed 




-0 7 % 


AgyT.Uxtul.oOui.o 


no cnange ouservea 




-0 6 % 


Agyo.oKu i.oouij.u 


no change observed 




-0 s % 


Ag96.9Ru3,0Cu0.1 


no change obseirved 




-\J. / /o 


Ag95.5Ku3.00ul.5 


no change observed 




-vf.U /O 


Ag94.0Kiio.UOud.U 


no change observed 




-0 % 


Ag99.8RuO. ITiO. 1 


no change observed 




-U.«7 /O 


Ag98.4RuO, 1 1 11.5 


no change observed 




-w.o /o 


Ag96,9RuO. ITiS.O 


no change observed 




/o 


Ag98.4Rul.5Ti0.1 


no change observed 




-U.D /o 


Ag97.0Rul.5Til. 5 


no change observed 




A Q OZ 


Ag95.5Rul.5Ti3.0 


no change observed 




A OZ 

-u.o /o 


Ag96.9Ru3.0Ti0.1 


no change observed 




C\ Ck OA 

-u.y 


Ag95,5Ru3.0Til.5 


no change obseirved 




1 1 oz 


Ag94.0Ru3.0Ti3.0 


no change observed 




1 A OZ 

-l.U /o 


Ag99 .SRuO. 1 CrO. 1 


no change observed 




A Q oz 

-U.o 70 


Ag98.4RuO.lCr 1.5 


no change observed 




1 A Oyi^ 

-X.U /o 


Ag96.9RuO. lCr3.0/ 


no change observed 




A C OZ 


Ag98.4Rul.5Cr0.1 


no change observed 




A ft Oyi. 

-U.O zo 


Ag97.0Rul,5Crl.5 


no change observed 






Ag95.5Rul.5Cr3.0 


no change observed 




-l.U zo 


Ag96.9Ru3.0Cr0. 1 


no change observed 




-U.o zo 


Ag95.5Ru3.0Crl. 5 


no change observed 




-U.tl zo 


Ag94.0Ku3.ULrrd.U 


no change observed 




-v.o zo 


Ag99 .oKuO. 1 1 aU. 1 


no change observed 




-0 Q % 

V/«»7 /O 


Ag98.4KuO.llal. 5 


no change observed 




-0 ft % 
v/.o zo 


AirQfi QRuO lTa3 0 


Tin pliancTP observed 




-0.7 % 


Ag98.6Rul.5Ta0.1 


no change observed 




-0.7 % 


Ag97.0Riil.5Tal.5 


no change observed 




-0.6 % 


Ag95.5Rul.5Ta3.0 


no change observed 




-0.5 % 


AR96.9Ru3.0Ta0.1 


no change observed 




-0.7 % 


Ag95.5Ru3.0Tal.5 


no change observed 




-0.6 % 


Ag94.0Ru3.0Ta3.0 


no change observed 




-0.6 % 
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Table 2 Continued 



Material 
composition 

\vV V /QJ 


Surface state of the 
layer after heating at 


i he time the 

VloUdi uXlcLligt 

occurred 


Differences of 
reflection index before 

flnH aftAv Vioa'fiTi or 

(wavelength of 800 
nm) 


Ag99.8Ru0.lMo0.1 


no change observed 




-0.8 % 


Ag98.4RuO.lMol. 5 


no change observed 




-1.0 % 


Ag96.9Ru0.lMo3.0 


no change observed 


_ 


-0.6 % 


Ag98.4Rul.5Mo0.1 


no change observed 




•0.7 % 


Ag97.0Rul.5Mol.5 


no change observed 




-0.4% 


Ag95.5Rul.5Mo3.0 


no change observed 




-1.1 % 


Ag96.9Ru3,OMoO. 1 


no change observed 




-0.8 % 


Ag95.5Ru3,0Mo 1,5 


no change observed 




-0.7 % 


Ag94.0Ru3.0Mo3.0 


no change observed 




-0.6 % 


Ag99.8RuO,lNi0.1 


no change observed 




-1.0 % 


Ag98,4RuO, lNil.5 


no change observed 




-1,1 % 


Ag96,9RuO. lNi3.0 


no chancre observed 




-0.8 % 


Ae98 4Rul.5Ni0.1 


no chansre observpd 




-0.8 % 


Ae97 0Rul.5Nil.5 


no chansre observed 




-0.5 % 


Ao-95 5Rul 5Ni3 0 






-0.5 % 


Aff96 9Ru3 ONiO.l 


no change observpd 




-0.7 % 


Aff95 5Ru3 ONil.5 


no cbanffp observed 




-1.0 % 


Ae'94 0Ru3 0Ni3.0 


no change observed 




-1,1 % 


Aff99 8RuO. lAlO. 1 


no chancre observed 




-1.0 % 


Aff98 4RuO lAll 5 


no chancre observed 




-1.1 % 


Ag96.9RuO. 1A13.0/ 


no change observed 




-0.7 % 


Ag98.4Ru 1.5A10. 1^ 


no chanfire observed 




-0.9 % 


Ag97.0Rul.5All. 5 


no change observed 




-0.5 % 


Ag95.6Rul.5A13.0 


no change observed 




-0.5 % 


Ag96.9Ru3.0A10.1 


no change observed 




-0.8 % 


Ag95.5Ru3.0A11.5 


no change observed 




-1,0 % 


Ag94.0Ru3.0A13.0 


no change observed 




-1.1 % 


Ag99.8Ru0.lNb0.1 


no change observed 




-1.1 % 


Ag98.4Ru0.lNbl.5 


no change observed 




-1.0% 


Ag96.9Ru0.lNb3.0 


no change observed 




-0.8 % 


Ag98,4Rul.5Nb0.1 


no change observed 




-0.8 % 


Ag97.0Rul.5Nbl.5 


no change observed 




-0.7 % 


Ag95.5Rul.5Nb3.0 


no change observed 




-0.7 % 


Ag96,9Ru3.0Nb0.1 


no change observed 




-1.0 % 


Ag95.5Ru3.0Nbl.5 


no change observed 




-0.5 % 


Ag94.0Ru3.0Nb3.0 


no change observed 




-0.4 % 



[00621 While the surface change and the accompanying 
decrease in the reflection index were observed with the 
Ag-alloy layers in the Comparison^, they were not observed 
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with the Ag-alloy layers of any examined composition in 
Example 1, as shown in Table 2. 



C0063] Moreover, the quartz substrates, on which various Ag- 
5 alloy layers were deposited and which were heated to 250 "^C 
as described , were further kept on a hot plate at 400 °C 
for two hours. The surface change and the decrease in the 
reflection index were not observed in the Ag-alloy layers 
of any examined composition (data not shown) . 

10 

r00643 The Ag-alloy reflecting layers that included Ag and 
0.1-3.0 wt% Cu, Ti, Cr, Ta, Mo, Ni, Al, or Nb but did not 
include Au, Pd, or Ru were produced. As described, the Ag- 
alloy layer was deposited on the quartz substrate so that 
15 the thickness of the layer was 15nm by simultaneous 

sputtering. The visual change of the layers was observed 
over time both at 250 °C and 400 °C. All the layers became 
white and the reflection index was decreased (data not 
shown) . 

20 

r00653 Taken together, it was revealed that the Ag-alloy 
layers including Ag as a main component, the first element, 
and the second element had improved heat resistance and 
maintained high reflection index. 

25 

Example 2 

[00663 In this Example, the utility of the ternary Ag-alloy 

layers as reflectors and reflective wiring electrodes for 
30 reflection-type liquid crystal display devices was studied. 

J_0067JLThe anti-corrosive study on chemical stability was 
conducted with respect to the conventional metal layers 
(pure Al, an Al alloy, Ag, binary Ag-alloys) and the 
35 ternary Ag-alloy layers of the present invention. A liquid 
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resist was applied to the reflecting layers and the 
pattern was formed on them. Then the reflecting layers 
were washed with an alkali solution (5 % KOH aqueous 
solution) to remove the resist. The surface of the layers 
5 was observed. The results are shown in Table 3. 



Table 3 



1 ' ~ 7 — 1 

Material composition (wt%) 


Allrfili QnliTfinn 


A 1 

Al 




A196.0Mg4,0 




Al coated with acrylic resin 


partially reacted 


Aff98,0Pd2.0 


many uiacK suams 


Ag97.0Pd3.0 


moderate oiacK si/a.iiis 


Ag99,8Pd0.lCu0.1 


no change 


Ag99.4PdO.5CuO* 1 


no cnange 


Ag98.1Pd0.9Cul.O 


no change 


Aff98.9Pdl.0Cu0.1 


no change 


Aff97.9Pd2.0Cu0.1 


no change 


Ag96.9Pd3.0Cu0.1 


no cnange 


Ag96.5Pd3.0Cu0.5 


no change 


AR94.0Pd3.0Cu3.0 


no cnange 


Ag99.8PdO . ITiO. 1 


no cnang6 


Ag99.4PdO.5TiQ. 1 


no cnsixi^c? 


Ag98.1Fd0.91il.O 


no cutxJi^KS 


Agwo . 9 Jr a 1 . 0 liu. 1 




Ag9^ .9r'a^.U 1 lU. 1 


Tin nVifiTicro 


Ag9b.9Jra<>.UllU.l 


rin f*h5iTicrp 


Agtf o . Or ud.U IIU.O 


no chanfiTG 

AXvr \^AJICAXACb Vr 


A^rOvi nTJ/iQ n'PiQ n 


no f^hancre 


AnOQ s'P>in ir'wt 1 


no chancre 


Ag98.4Pd0.1Crl.5 


no change 


AK96.9Pd0.lCr3.0 


no change 


Ae98.4Pdl.5Cr0.1 


no change 


AK97.0Pdl.5Crl.5 


no change 


AB95.5Pdl.5Cr3.0 


no change 


Ae96.9Pd3.0Cr0.1 


no change 


Ag95.5Pd3.0Crl.5 


no change 


Ae94.0Pd3.0Cr3.0 


no change 


Ag99.8Pd0.1Ta0.1 


no change 


Ag98.4Pd0.1Tal.5 


no change 


Ag96.9Pd0.1Ta3.0 


no change 


Ag98.4Pdl.5Ta0.1 


no change 


Ag97.0Pdl.5Tal.5 


no change 


Ae95.5Pdl.5Ta3.0 


no change 


Ag96.9Pd3.0Ta0.1 


no change 


Ac95.5Pd3.0Tal.5 


no change 


Ag94.0Pd3.0Ta3.0 


no change 
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AB99.8Pd0.1Mo0.1 


no change 


Ag98.4PdO.lMol. 5 


no change 


AR96.9Pd0.lMo3.0 


no change 


AK98.4Pdl.5Mo0.1 


no change 


Ag97.0Pdl.5Mol.5 


no change 


Ag95.5Pdl.5Mo3.0 


no change 


Ag96.9Pd3.0Mo0.1 


no change 


Ag95.5Pd3.0Mol. 5 


no change 


Ag94.0Pd3.0Mo3.0 


no change 


AB98.4Pd0.1Ni0.1 


no change 


Ag98.4Pd0.1Nil.5 


no change 


Ag96.9Pd0.lNi3.0 


no change 


Ag98.4Pdl.5Ni0.1 


no change 


Ag97.0Pdl.5Nil.5 


no change 


Ag95.5Pdl.5Ni3.0 


no change 


Ag96.9Pd3.0Ni0.1 


no change 


Ag95.5Pd3.0Nil.5 


no change 


Ag94.0Pd3.0Ni3.0 


no change 


Ag99.8Pd0.1A10.1 


no change 


Ag98.4Pd0.lAll. 5 


no change 


Ag96.9Pd0.lA13.0 


no change 


Ag98.4Pdl.5A10.1 


no change 


Ag97.0Pdl.5A11.5 


no change 


Ag95.5Pdl.5A13.0 


no change 


Ag96.9Pd3.0A10.1 


no change 


Ag95.5Pd3.0A11.5 


no change 


Ag94.0Pd3.0A13.0 


no change 


Ag99.8PdG.lNb0.1 


no change 


Ae98.4Pd0.1Nbl-5 


no change 


Ag9'6.9Pd0.1Nb3.0 


no change 


Ag98.4Pdl.5Nb0.1 


no change 


Ag97.0Pdl.5Nbl.5 


no change 


Ag95.5Pdl.5Nb3.0 


no change 


Ag96.9Pd3.0Nb0.1 


no change 


Ag95.5Pd3.0Nbl. 5 


no change 


Ag94.0Pd3.0Nb3.0 


no change 


Ag99.8Pd0.lAu0.1 


no change 


Ae98.4Pd0.1Aul.5 


no change 


Ag96.9Pd0.1Au3.0 


no change 


Ag98.4Pdl.5Au0.1 


no change 


Ag97.0Pdl.5Aul.5 


no change 


Ag95.5Pdl.5Au3.0 


no change 


Ag96.9Pd3.0Au0.1 


no change 


Ag95.5Pd3.0Aul.5 


no change 


Ag94.0Pd3.0Au3.0 


no change 


Ag99.8Ru0.1Au0.1 


no change 


A no Aty^^n t A i ic 

Ag9 o . 4KuO . 1 Au 1 . o 


■no pViflnc^P 


Aff96.9Ru0.1Au3.0 


no change 


Aff98.4Rul.5Au0.1 


no change 


Ae97.0Rul.5Aul.5 


no change 


Ae:95.5Rul,5Au3.0 


no change 


Aff96.9Ru3.0Au0.1 


no change 
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Aff95.5Ru3.0Aul. 5 


no chanpe 


Aff94.0Ru3.0Au3.0 


no change 


Aff99.8Pd0.1RuO,l 


no change 


Aff98.4Pd0.1Rul.5 


no change 


Aff96.9PdO,lRu3.0 


no change 


Aff98.4Pdl.5Ru0.1 


no change 


Ae:97,0Pdl.5Rul.5 


no change 


Ag95.5Pdl.5Ru3.0 


no change 


Aff96.9Pd3.0Ru0.1 


no change 


Aff95.5Pd3.0Rul.5 


no change 


Aff94.0Pd3.0Ru3.0 


no change 


AeAuX Table 3 Continued 


Material composition (wt%) 


AlKaii soiui/ion 


Ak98.0Au2.0 


many black stains 


Aff97.0Au3.0 


moderate DiacK siams 


Ak99.8Au0.1Cu0.1 


no change 


A&99.4Au0.5Cu0.1 


no chanffe 


Aff98.lAuO.9Cu 1.0 


no change 


Aff98.9Aul.0Cu0.1 


no change 


Aff97.9Au2.0Cu0.1 


no change 


Aff96.9Au3.0Cu0.1 


no change 


Aff96.5Au3;0Cu0.5 


no change 


Aff94.0Au3.0Cu3.0 


no change 


Aff99.8Au0.1Ti0.1 


no cnange 


Aff99.4Au0.5Ti0.1 


no LtXlcLUf^t? 


Aff98. lAuO.9 iil.O 




Aff 9>8 .9Au 1 .OTiO. 1 




Aff 9 7 . 9 AuZ . U i lU . 1 


no ^*hanfre 


Aff9fi 9Au3 OTiO 1 


no change 


Ae96.5Au3-0Ti0.5 


no change 


AR94.0Au3.0Ti3.0 


no change 


Ac99.8Au0.1CrO.l 


no change 


Ae98.4Au0.lCrl.5 


no change 


Ac96.9Au0.1Cr3.0 


no change 


AK98.4Aul.5Cr0.1 


no change 


Ac97.0Aul.5Crl.5 


no change 


AK95.5Aul.5Cr3.0 


no change 


Ag96.9Au3.0Cr0.1 


no change 


Ac95.5Au3.0Crl.5 


no change 


AR94.0Au3.0Cr3.0 


no change 


AR99.8Au0.1Ta0.1 


no change 


AK98.4Au0.1Tal.5 


no change 


Aff96.9Au0.1Ta3.0 


no change 


Ag98.4Aul.5Ta0.1 


no change 


Ag97.0Aul.5Tal.5 


no change 


Ae95.5Aul.5Ta3.0 


no change 


Ae96.9Au3.0Ta0.1 


no change 


Ae95.5Au3.0Ta 1.5 


no change 


Ae94.0Au3.0Ta3.0 


no change 
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Aff99 8AuO IMoO 1 


no change 


Ap-Q8 4Aun IMol 5 


no change 


Ap"96 9AiiO 1Mo3 0 


no change 


AfrQfi 4Aiil 5MoO 1 


no change 


Ap-Q? OAuI 5Mo1 5 


no change 


Ae-QH SAu 1 5Mo3 0 


no change 


AfrQfi <^Anrt OMoO 1 


no change 


AcrQ^ fJAn^ OMol 5 


no change 


Ap-QA nAn^ OMorl 0 
Jl\^*j'± ,\j£\\XO .\JXy±\JtJ .yJ 


no change 


AcrQQ AAiiO iNin 1 


no change 


AcrQj^ AAtiH 1>Ji1 K 


nn phflTiffP 

J.X>J -U. C*. X± 


A<tQ^ QAiiH IMi^ n 


nn phancre 


AcrQA AAiil ^AXT-in 1 




Agy / .Urlui.OXNll.u 


no pTiflnsTG 


ArrQ'^ t^Aiil fiMiQ n 


nA pliflncp 


ArrQA QAiiQ HMtO 1 


no phflnP'P 


AcrCkf^ ^^Aii^ nXTil f\ 


nn pTiflnffG 


A «.0 >4 A A -11 Q nXT4 Q H 
Agi74,UAUO.UJNlO.U 


nn r^lisncyp 




nn pViJincrp 

IXU i^llCLUigt? 


Agy o .4AuU- lAl 1 . 0 


nu Cllclllgc; 


A i\A,,f\ 1 A10 f\ 

Agy D.yAuu. lAlo.U 


no cnange 


Agyo.4AUl.DAlU. 1 


UO Cllclllgc 


Agyv.OAul.DAll.O 


no ciia.£Lgc 


Agy 5 . OAU LCdAIo, U 


no cndngc; 


Agyb.yAUo.UAlU. 1 


no cnange 


Agy O . OAUo . UAl 1 . o 


IlO CllctllgC 


A_o>i r*A^iQ nAiQ n 
Agy 4 . UAUo .UAlo . U 


IlO CUdXlgc 


AirvOO QAiiA IXrVkH 1 
Agy y .oAUU. 1 JN DU . 1 


n n c\\ sx n cro 


Agy/0.4AuU. 1 JN D 1. 0 


n n r»Vi o n cro 
IIU lrfHrt.llRC 


Agyo.yAuu. iJN Do.u 


nn i^Vi Q n cro 
IIU L<lldllfeC 


Ao-Qft 4Aii1 5NbO 1 


no change 


Ag97.0Aul.5Nbl,5 


no change 


Ag95.5Aul.5Nb3.0 


no change 


Ag96.9Au3.0NbO,l 


no change 


Ag95.5Au3,0Nbl.5 


no change 


Ag94.0Au3.0Nb3.0 


no change 



AgRuX Table 3 Continued 



Material composition (wt%) 


Alkali solution 


Ag98.0Ru2.0 


many black stains 


Ag97,0Ru3.0 


moderate black stains 


Ag99.8Ru0.lCu0.1 


no change 


Ag99.4RuO,5Cu0.1 


no change 


Ag98.1Ru0.9Cul.O 


no change 


Ag98.9Rul.0Cu0.1 


no change 


Ag97.9Ru2.0Cu0.1 


no change 


Ag96.9Ru3.0Cu0.1 


no change 


Ag96.5Ru3.0Cu0.5 


no change 
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Ag94.0Ru3.0Cu3.0 


no change 


Ag99.8Ru0.1Ti0.1 


no change 


Aff99.4Ru0.5Ti0.1 


no change 


Aff98.1Ru0.9Til.O 


no change 


Ag98.9Rul.0Ti0.1 


no change 


AR97.9Ru2.0Ti0.1 


no change 


Ag96.9Ru3.0Ti0.1 


no change 


Afr96.5Ru3,0Ti0.5 


no change 


Aff94.0Ru3.0Ti3.0 


no change 


Ag99.8RuO,lCr0.1 


no chanffe 


Aff98.4RuO.lCr 1.5 


no change 


Aff96.9Ru0.1Cr3.0 


no change 


Aff98.4Rul,5Cr0.1 


no change 


Ag97.0Rul.5Crl.5 


no chanffe 


Ag95.5Rul.5Cr3.0 


i 

no chanffe 


Aff96.9Ru3.0Cr0.1 


no change 


Aff95.5Ru3.0Crl.5 


no change 


Aff94.0Ru3.0Cr3.0 


no chanffe 


Ag99.8Ru0.1Ta0.1 


no change 


Ag98.4Ru0.lTal.5 


no change 


Aer96.9Ru0.lTa3.0 


no change 


Ag98.4Rul.5Ta0.1 


no change 


Ag97.0Rul.5Tal.5 


no change 


Aff95.5Rul.OTa3.0 


no change 


Aff96.9Ru3.0TaO,l 


no change 


Aff95.5Ru3.0Tal.5 


no change 


Aff94.0Ru3.0Ta3.0 


no change 


Ar99.8Ru0.1MoO,1 


no change 


Aff9S,4Ru0.1Mol.5 


no change 


Ag8f6.9Ru0.lMo3.0 


no change 


Aff98.4Rul.5Mo0.1 


no change 


A5:97.0Rul.5Mol.5 


no change 


Ae:95.5Rul.5Mo3.0 


no change 


Aer96.9Ru3.0Mo0.1 


no change 


Aff95.5Ru3.0Mol.5 


no change 


A£:94.0Ru3.0Mo3.0 


no change 


AK99.8Ru0.1Ni0.1 


no change 


Aff98.4RuO.lNil. 5 


no change 


Aff96.9Ru0.lNi3,0 


no change 


Aff98.4Rul.5Ni0.1 


no change 


Aff97.0Rul.5Nil.5 


no change 


Aff95.5Rul.5Ni3.0 


no change 


Aff96.9Ru3.0Ni0,l 


no change 


Aff95.5Ru3.0Nil. 5 


no change 


Aff94.0Ru3.0Ni3.0 


no change 


Aff99.8RuO.lA10. 1 


no change 


A AU^-mn 1A11 K 




Ag96.9Ru0.1A13.0 


no change 


Ag98.4Rul.5A10.1 


no change 


Ae97.0Rul.5A11.5 


no change 


Ak95.5Ru1.5A13.0 


no change 


Ag96.9Ru3.0A10.1 


no change 
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Ag95.5Ru3.0A11.5 


no chanpre 


Ag94.0Ru3.0A13.0 


no change 


Ag99.8RuO,lNb0.1 


no change 


Aff98,4Ru0.1Nbl.5 


no change 


Ag96.9Ru0.1Nb3.0 


no change 


Ag:98.4Rul.5Nb0.1 


no change 


Ag97.0Rul.5Nb 1.5 


no change 


AR95.5Rul.5Nb3.0 


no change 


Aff96.9Ru3.0Nb0.1 


no change 


Aff95.5Ru3.0Nbl.5 


no change 


Aff94.0Ru3.0Nb3.0 


no change 



iM&SiAs shown in Table 3, the decrease in the reflection 
index was not observed with the Ag-alloy layers of the 
present invention of any composition. Thus, the ternary 
5 Ag-alloy layers are more stable to alkali solution than 
conventional layers, and the quality of the inventive 
layers was superior to the conventional layers. 

r00693 Next, the reflection index at 500nm and 800nm was 
10 measured in both layers. The range from 500 to 800 nm (565 
nm) is the standard optical wavelength range for liquid 
crystal display devices. As shown in Table 4, the 
reflection index of the ternary Ag-alloy layers of the 
present invention was improved by 0.5-3.0 % compared with 
15 Al, the Al alloy, Ag, the binary Ag-alloy layers. 



Table 4 



Material composition (wt%) 


500mm wavelength 


800mm wavelength 




reflection index (%) 


reflection index (%) 


Al 


87.2 


84.5 


A196.0Mg4.0 


83.1 


82.3 


Al coated with acrylic resin 


79.4 


76-6 


Ae 


98.2 


98.8 


Ap98.0Pd2.0 


91.3 


94.5 


Ae97.0Pd3.0 


86.9 


92.1 


Ae99.8Pd0.lCu0.1 


98.0 


98.6 


Ae99.4Pd0.5Cu0.1 


98.0 


98.4 


Ae98.lPdO.9Cu 1.0 


97.8 


98.0 


Ae9B.9Pdl.0Cu0.1 


94.4 


97.6 


Ae97.9Pd2.0Cu0.1 


91.4 


94.6 


Ae96.9Pd3.0Cu0.1 


87.5 


93.4 


Ae96.5Pd3.0Cu0.5 


87.3 


92.7 
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Ap94.0Pd3.0Cu3.0 


84.7 


Q1 1 


Ap99.8Pd0.1Ti0.1 


98.0 


yo.b 


Ae99.4Pd0.5Ti0.1 


98.0 


yo.4: 


Ap98.lPd0.9Til.O 


97.6 


0*7 Q 

y /.y 


Ap98.9Pdl.OTi0.1 


94.4 


y /.o 


Ap97.9Pd2,OTi0.1 


91.4 


OA £1 


A^96.9Pd3.0TiO,l 


87,5 


QQ A 


A^96.5Pd3,OTiO,5 


87.0 


y/.o 


Ap94.0Pd3.0Ti3.0 


87.0 


on T 

yu. / 


Ap99-8Pd0.1Cr0.1 


94.6 


y4. / 


Ap98.4PdO.lCr 1.5 


91.7 


91.7 


Ap96.9Pd0.1Cr3,0 


89.3 


oy.7 


Ap98.4Pdl.5Cr0.1 


91.5 


91.7 


Ap97.0Pdl.5Crl.5 


86.8 


86.8 


Ap95.5Pdl.5Cr3.0 


84.2 


84.2 


Ap96.9Pd3.0Cr0.1 


85.6 


85.6 


Ap95.5Pd3.0Crl.5 


83.5 


83.5 


Ap94.0Pd3.0Cr3.0 


82.7 


82.7 


Ap99.8Pd0.1TaO,l 


94.6 


94.7 


Ap98.4PdO.lTa 1.5 


91.7 


91.7 


Ae96.9PdO,lTa3.0 


89.3 


89.7 


Ap98.4Pdl.5Ta0.1 


91.5 


91.7 


Ap97.0Pdl.5Tal.5 


86.8 


86.8 


Ap95.5Pdl.5Ta3.0 


84.2 


84.2 


Ap96.9Pd3.0Ta0.1 


85.6 


85.6 


Ap95.5Pd3.0Tal.5 


83,5 


83.5 


Ap94.0Pd3.0Ta3.0 


82,7 


82.7 


Ap99.8Pd0.1Mo0.1 


94.6 


94.7 


Ap98.4Pd0.1Mol.5 


91.7 


91.7 


Ap96.9Pd0.lMo3.0 


89.3 


89.7 


Ap98.4Pdl.5Mo0.1 


91.5 


91.7 


Ap97.0Pdl.5Mo 1.5 


86.8 


86.8 


Ap95.5Pdl.5Mo3.0 


84.2 


84.2 


Ap96.9Pd3.0Mo0.1 


85.6 


85.6 


Ap95.5Pd3.0Mol.5 


83.5 


83.5 


Ap94.0Pd3.0Mo3.0 


82.7 


82.7 


Ap98.4Pd0.1Ni0.1 


96.1 


96.1 


Ap98.4Pd0.1Nil.5 


95.6 


95.6 


Ap96.9Pd0.1Ni3.0 


94.3 


94.8 


Ap98.4Pdl.5Ni0.1 


92.7 


93.7 


Ap97.0Pdl.5Nil.5 


91.2 


92.1 


Ap95.5Pdl.5Ni3.0 


88.9 


90.7 


Ap96.9Pd3.0Ni0.1 


86.1 


88.9 


Ap95.5Pd3.0Nil.5 


84.6 


86.2 


Ap94.0Pd3.0Ni3.0 


82.7 


84.6 


Ap99.8Pd0.1A10.1 


98.1 


98.7 


Ag98.4PaO. 1A11.5 


Qfi 1 


98.4 


Ap96.9Pd0.1A13.0 


97,6 


98.1 


Ap98.4Pdl.5A10.1 


96.5 


97.6 


Aff97.0Pdl.5A11.5 


95.3 


96.8 


Ag95.5Pdl.5A13.0 


93.5 


95.9 


Ae96.9Pd3.0A10.1 


91 


94.6 
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Ag95.5Pd3,0A11.5 


88.6 


93 


A^94.0Pd3.0A13.0 


86.1 


91.7 


Ae99.8Pd0.1Nb0.1 


95 


95.3 


Ap98.4PdO.lNb 1.5 


94.4 


94.8 


Ae96.9Pd0.1Nb3.0 


93.8 


94.2 


Ae98.4Pdl.5Nb0.1 


92.4 


92.7 


Ap97.0Pdl.5Nbl.5 


90.8 


91.4 


Ae95.5Pdl.5Nb3.0 


89.5 


90.2 


Aff96.9Pd3.0Nb0.1 


86.7 


87.9 


Ae95.5Pd3.0Nbl.5 


84.6 


85.9 


Ap94.0Pd3.0Nb3.0 


82.7 


84.7 


Ac99.8Pd0.1Au0.1 


96.7 


97.0 


Ae98.4PdO.lAu 1.5 


96.4 


96.8 


Ae96.9Pd0.1Au3.0 


95.8 


96.1 


Ae98.4Pdl.5Au0.1 


92.3 


94.5 


AK97.0Pdl.5Aul.5 


92.1 


94.3 


Ar95 . 5Pd 1 .5Au3.0 


92.4 


95.0 


Aff96,9Pd3.0Au0. 1 


85.1 


85.3 


Aff95.5Pd3.0Aul.5 


83.2 


83.3 


Ae94.0Pd3.0Au3.0 


82.0 


82.8 


Ae99.8Ru0.1Au0.1 


96.6 


97.1 


Aff 98 4Ru0 . 1 Au 1 . 5 


96.3 


96.7 


Ag96.9RuO. lAuS.O 


95.8 


96.1 


Ae98.4Rul.5Au0.1 / 


92.4 


94.4 


Ag97.0Rul.5Aul.5 


92.1 


94.3 


As95.5Rul.5Au3.0 


92.4 


95.0 


Ag96.9Ru3.0Au0.1 


85.1 


85.3 


Ae95.5Ru3.0Aul.5 


83.2 


83.2 


Ae94.0Ru3.0Au3.0 


82.0 


82.8 


Ae99.8PdO. lltuO. 1 


96.7 


97.1 


Ap98.4PdO.lRu 1.5 


96.4 


96.6 


Ae96.9PdO. lRu3.0 


95.8 


96.5 


Ac98.4Pdl.5RuO. 1 


92.3 


93.5 


As97.0Pdl.5Rul.5 


92.0 


94.3 


Ae95.5Pdl.5Ru3.0 


92.3 


95.0 


Ae96.9Pd3.0Ru0.1 


85.0 


85.3 


Ap95.5Pd3.0Ru 1.5 


83.3 


83.3 


Ae94.0Pd3.0Ru3.0 


82.1 


82.5 


AgAuX Table 4 Continued 


Material composition (wt%) 


500min wavelength 


800nim wavelength 




reflection index (%) 


reflection index (%) 


Ae98.0Au2.0 


87.3 


92.2 


Ae97.0Au3.0 


86.1 


91.3 


Ae99.8Au0.1Cu0.1 


98.2 


98.8 


Ae99.4Au0.5Cu0.1 


98.1 


98.5 


Ae98.lAuO.9Cu 1.0 


97.6 


98.0 


As98.9Aul.0Cu0.1 


96.5 


97.6 


Ae97.9Au2.0Cu0.1 


95.2 


96.9 


Ae96.9Au3.0Cu0.1 


93.7 


96.1 


Ae96.5Au3.0Cu0.5 


91.1 


94.7 
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A<rQ4 OAu,^ OCur! 0 


85.6 


91.8 


ArrQQ ftAllO iTlO 1 


98.0 


98.5 


AcrQQ 4AiiO fiTiO 1 


97.8 


98.2 


AcyQR 1 Anil QTil 0 


97.3 


97.9 


ActQ5% QAiiI OTiO 1 


96.6 


97.5 


AtrQ7 QAu2 OTiO 1 


95.5 


97.1 


ActQ^ QAn?t OTiO 1 


93.9 


96.3 


ActQA f^Aii^ OTiO ^1 


92.3 


95.2 


ArrQ^ nAn^ OTi^ 0 


86.4 


90.8 


ArrQQ 5%Aiin in-rO 1 


94.6 


94.7 


ArrQfi 4.A11O iPrI *i 


93.4 


93.6 


ArrO^ QA11O IPt^ 0 


91.9 


92.4 


ArvQQ /I Alii "iP-rO 1 


90.2 


90.7 


A#tQ7 nAni fiP7»1 
Ag" / .UjfaUX.Ol^xX.Q 


88,5 


89.3 


A^OC fCA^il Kr^*.Q n 


00. X 


86.6 


Afryb-yAuo.uuru- 1 




85.2 


Affy 0 . 0 AU 0 . U ^^x 1 . 0 


4 


83,8 


An-Oyi nAiiQ nPfQ n 

Agy^.UAUO.UVyxO.U 




82.6 


Agyy.oAuu. 1 lau. 1 


. X 


95.3 


Affyo.4AuU.l lai.o 


Q4 ^ 


95.0 


Agyb.yAUU.i lao.U 


4 


94.1 


Ag9o.bAul.o laU.i 


yx.o 


92 5 


Agyv.UAUl.Oiai.o 


QO 4 


91.2 


Agyo.&Aul.Diao.U 


00. / 


89 9 


Agyo.yAud.UiaO.l 


oD.y 


87 fi 


Agyo.oAuo.Olal.o 


o4.0 


8^1 9 


A fk ii n A ■■■■ 0 mn« 0 f\ 

ARy4.UAuo.U iao.U 




84.2 


Agy y -OAUU. X JVLOU . 1 


Q4 R 


95.1 


Agy c> .4AUU . iiyio 1 . 0 


Q4 2 


94,7 


Agyb.yAUU. xiVloo»U 




94.0 


A rto i4 A ■■■■ 1 {fli^nA 1 

Agyo-4AU X .OJVLOU. 1 




92.9 


Agy 7 .0 AU X . 0 JVLO 1 . 0 


QO A 


91 5 


A gy 5 . 0 AU 1 . 0 JVIO 0 . U 


ftQ 7 
09* r 


90-3 


Agyb.yAuo.ujVxOU. X 


R8 R 
Ov.O 


88.6 


Agyo.OAUo.UMOl.D 


R4 R 


86.4 


Agy 4 . UA U 0 . uiVXO 0 . U 


R2 7 


84.5 


Affy y . 0 AUU . 1 JN lU . X 


Q^i 7 


95.9 


ArrQA AAiiO iTSJil 
Agy 0 . 4AUU . XIN 1 X . 0 


95.2 


95.4 


Agyb.yAuu* xiNio.u 




94.6 


An-OQ >iAiii fxXrin 1 

Agyo.4AuX.OiNlU. X 


92 


93,5 


Agy / .UAu X - OiN 1 X . O 


90.8 


91.9 


ArrQPl ^Aiil (^Mi^ 0 
AgyO.OAllX.OiNlO.U 


ft8 7 


90.6 


Agyb.yAuo.UiNiu. X 




88.8 


AKyO.OAUO.UlNlX.D 


84 4 


86.1 


ArrQ^ nAii^ otsJi^ n 


82.6 


84.5 


AfvQQ ftAiiO 1 Ain 1 


98.0 


98.6 


Aff 98 .4AuO. 1 Al 1 . 5 


97.9 


98.3 


Aff96.9Au0.1A13.0 


97.5 


98.0 


Ae98,4Aul.5A10.1 


96.4 


97.5 


A&97.0Aul.5A11.5 


95.2 


96.7 


Aff95.5Aul.5A13.0 


93.4 


95.8 


Aff96.9Au3.0A10.1 


90.8 


94.4 
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Agy o . O-rt. u o . U-Tvi 1 . o 


88.4 


92.8 


Arr-QA nAn^ flAl^ 0 


85.9 


91.5 




94.8 


95.1 


A ^OQ >1 AnH iNTVkl K 


94.3 


94.7 


Ap^yD.y/iUU. IINDO.U 


93.5 


94.1 


A ^aQ >lAi-t1 '^NTKn 1 
Ag^y c5 . 4Au. 1 . OIN DU . 1 


92,1 


92.6 


Ap97.0Aul.5Nbl. 5 


90.5 


91.3 


Ap95.5Aul.5Nb3.0 


89.2 


90.1 


Agy b . y AU o . UlN D U . JL 


86 4 


87.8 


Ae95.5Au3.0Nb 1.5 


84.3 


85.7 


Aff94.UAuo.UIN Do.U 


82 4 


84.5 




Table 4 Continued 




Material composition (wt%; 


oUUznixi waveiengcn 


OWUIII III 
Wfl VpI PTI C^lll 

W CI. V Cxd-Lg l/AA 




reiiection. maex 




Aer98.0Ru2.0 


oo.o 


91.2 


Ag:97.0Ru3.0 


OD.U 


91.3 


Ae99-8RuO. ICuQ. 1 


yo. 1 




Ap99.4Ru0.5Cu0.1 


yo.u 


I/O. V 


Ae98.lRuO.9Cu 1.0 


y /.b 


QR 1 


Ag98.9Rul.0Cu0.1 / 


yb.o 




Ae97.9Ru2.0Cu0.1 


yo.z 




Ag96.9Ru3.0Cu0. 1 


yo. / 




Ap96.5Ru3.0Cu0. 5 


Q1 1 

y 1.1 


7 


Ae:94.0Ru3.0Ou3,0 


CSO.D 


91.7 


Ap99.8Ru0. ITiO. 1 


yo.u 


98.4 


Ae:99.4RuO . ol lO, 1 


Q7 7 


98.2 


Aff98.1Ru0.91il.O 


07 9 


97.9 


Ae98.9Ru 1.0 liO. 1 




97.5 


Ap97.9Ru2.uliu. 1 


Qf^ A 


97.1 


Aff96.9Kuo.uliU. 1 


J70.0 


96.3 


Ap96.5Kuo.uliU.o 




95.2 


Aff94.0Ru3.0 lio.U 


SIR 4 


90 8 


Aff99.oKu0. lL/3rO. 1 




94.7 


Aff98.4KuU.lL/rl. 5 


A 

yo.ft 


92.6 


Aff96.9KuU. ICro.U 


y x.«7 


92.4 


Aff98.4Kul.5CrU.l 


on ^ 

iJU.cl 


91.7 


Aff97.0Kul.oCrl.o 


OO.Zr 


88.3 


Ag95.oKul.ouro.u 




86.6 


Ag"b.yrtuo.UL^ru. 1 


84 8 


84.2 


Apyo.oituo.u^ri.o 


83,3 


83.8 


Ag94.Uxtuo.ui^ro.u 


82 4 


82.6 


Aff99-oKuu. Ji xau. 1 




95.3 


Aff98.4RuO.lTal. 5 


94.6 


95.0 


Ap96.9Ru0.1Ta3.0 


93.4 


94.1 


Ap98.4Rul.5Ta0.1 


91.8 


92.5 


Aff97.0Rul.5Tal.5 


90.4 


91.2 


Ap95.5Rul.5Ta3.0 


88.7 


89.9 


Ap96.9Ru3.0Ta0.1 


85.9 


87.6 
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Ap95.5Ru3.0Tal.5 


84.5 




Ae94.0Ru3.0Ta3.0 


82.6 


9.A 9 


Ap99.8Ru0.lMoO,l 


94.7 


y o. 1 


Ap98.4RuO.lMol. 5 


94.1 


QA 7 


Ae96.9Ru0.lMo3.0 


93.3 




Ap98.4Rul.5Mo0.1 


92.2 




Ap97.0Rul.5Mol.5 


90.5 


Q1 ^ 


Ap95.5Rul.5Mo3.0 


89.9 


Q 1 ^ 


Ap96.9Ru3.0MoO,l 


86.8 


OO.D 


Ap95.5Ru3.0Mol.5 


84.8 


OD.O 


Ap94.0Ru3.0Mo3.0 


82.6 


ft/I 


A^9.8Ru0.1Ni0.1 


96.7 


07 O 
y / .Z 


Ap98.4Ru0.1Nil,5 


96.5 


OA Q 


Ag96,9Ru0.1Ni3.0 


96.1 


yb.o 


A^98.4Rul.5Ni0.1 


95.3 


95. o 


Ap97.0Rul.5Nil.5 


93.7 


94.7 


Ag95,5Rul.5Ni3,0 


91.2 


9o.o 


Ap96.9Ru3,0Ni0.1 


88.4 


91.7 


A^5.5Ru3.0Nil.5 


85.0 


87,2 


Ag94.0Ru3.0Ni3.0 


83.5 


85.6 


A^99.8Ru0.lAI0.1 


98.0 


98.4 


Ap98.4Ru0.1A11.5 


97.9 


98.2 


Aer96.9Ru0.1A13.0 


97.5 


98.1 


Ap98.4Rul.5A10.1 


96.4 


97.5 


Ap97.0Rul.5A11.5 


95.2 


96.5 


A^95.5Rul.5A13.0 


93.4 


95.8 


Ap96.9Ru3.0A10.1 


90.8 


94.4 


Ag95.5Ru3.0A11.5 


88.4 


92.7 


A^4.0Ru3.0A13.0 


85.4 


91.5 


Ap99,8Ru0.ll«)0.1 


94.7 


95.2 


Ag98.4RuO.lNb 1.5 


94.3 


€\ A rr 

94.7 


Ag96.9Ru0.lNb3.0 


93.4 


94.1 


Af^8.4Ru 1 .5NdO. 1 


Q9 1 


92.5 


Ap97.0Rul.5Nbl. 5 


90.2 


91.3 


Ap95.5Rul.5Nb3.0 


88.1 


90.0 


Ap96.9Ru3.0Nb0.1 


85.2 


87.8 


Ap95.5Ru3.0Nbl.5 


84.1 


85.7 


Ae94.0Ru3.0Nb3.0 


82.4 


84.5 



r0070] Thus, it was revealed that the Ag-alloy layers of the 
present invention were very useful as reflectors or 
reflective wiring electrodes for reflection-type liquid 
5 crystal display devices. 

Example 3 

r0071] In this Example, the utility of the ternary Ag-alloy 
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layer as infrared-ray or heat-ray reflecting layers for 
building glass was studied. Further, the adaptability of 
the ternary layer to a resin substrate under high 
temperature and high humidity conditions was studied. 



[00721 The tests on weather resistance under high 
temperature and high humidity conditions were carried out 
with regard to the ternary Ag-alloy layers, compared with 

10 binary Ag-alloy layers including Ag-Pd alloy layers, Ag-Au 
alloy layers and Ag-Ru alloy layers. The ternary Ag-alloy 
layers were deposited on all kinds of substrates 
(substrates made of non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass) by ternary 

15 simultaneous sputtering. The change of the Ag-alloy 

layers was examined over time in an atmosphere of 90 and 
90 % humidity. 

[0073] The tests for weather resistance were carried out 
20 with regard t/b monolayers of the ternary reflecting layers 
and laminates of the base film and the ternary reflecting 
layer. For the monolayers, the ternary reflecting layer 
was directly deposited on the substrate. For the laminates, 
the base film such ITO, ZnOj, ZnOs-AlgOa composite oxide and 
25 SiOz was deposited on the substrate and then the Ag-alloy 
reflecting layer was deposited on the base film. The 
difference between the monolayers and the laminates was 
also evaluated. 

30 [00741 The results showed that both the monolayers of the 
ternary reflecting layer and the laminates of the base 
film and the Ag-alloy reflecting layer have higher weather 
resistance than the monolayers of the binary reflecting 
layers. The ternary reflecting layers maintained heat 

35 resistance, reflection index, and weather resistance, 
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independent of the base film. It was confirmed that 
the ternary reflecting layers of the present invention 
were more useful than the conventional binary 
reflecting layer as infrared-ray or heat-ray reflecting 
5 layers for building glass such as windowpanes (data not 
shown) . 

f0075] Widely used conventional reflecting layers made of 
Al;. an Al alloy, Ag, an Ag-Pd alloy react with a resin 

10 substrate at the adhesive interface when kept under 
high temperature and high humidity conditions. The 
following tests were conducted on the chemical 
stability of the reflecting layers of the present 
invention against the resin substrates under high 

15 temperature and high humidity conditions. 

[00761 To confirm the chemical stability of the ternary 
reflecting layers of the present invention, the 
reflecting layers were deposited at a thickness of 15nm 
20 on the resin layer of PMMA, PET, PC, silicone, and the 
like by ternary simultaneous sputtering. The layers 
were kept under high temperature and high humidity 
conditions for 24 hours. The change in appearance and 
reflection characteristics over time was examined. 

25 

Table 5 



Material 
composition (wt%) 


Results of high temperature and high humidity tests 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull white 
color, detachment from the 
substrate 


Ag98.0Pd2,0 


many black stains 


detachment occured 


Ag97.0Pd3.0 


moderate black stains 


detachment occured 


Ag99.8Pd0.1CuO,l 


no change 


less color change 


Ag99.4Pd0.5Cu0.1 


no change 


no change 
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Ag98.1Pd0.9Cul.O 


no change 


no change 


Ag98.9Pdl.0Cu0.1 


no change 


no change 


Ag97.9Pd2.0Cu0.1 


no change 


no change 


Ag96.9Pd3.0Cu0.1 


no change 


no change 


Ag96.5Pd3.OCuO. 5 


no change 


no change 


Ag94.0Pd3.0Cu3.0 


no change 


no change 


Ag99.4Pd0.1Ti0.1 


no change 


no change 


Ag99.4Pd0.5Ti0.1 


no change 


no change 


Ag98.lPd0.9Ti 1.0 


no change 


no change 


Ag98.9Pdl.0Ti0.1 


no change 


no change 


Ag97.9Pd2.0Ti0.1 


no change 


no change 


Ag96.9Pd3.0Ti0.1 


no change 


no change 


Ag96.5Pd3.0Ti0.5 


no change 


no change 


Ag94.0Pd3.0Ti3.0 


no change 


no change 


Ag99.8Pd0.1Au0.1 


no change 


no change 


Ag98.4Pd0.lAul. 5 


no change 


no change 


Ag96.9Pd0.1Au3.0 


no change 


no change 


Ag98.4Pdl.5Au0.1 


no change 


no change 


Ag97.0Pdl.5Aul. 5 


no change 


no change 


Ag95.5Pdl.5Au3.0 


no change 


no change 


Ag96.9Pd3.0Au0.1 


no change 


no change 


Ag95.5Pd3.0Aul. 5 


no change 


no change 


Ag94.0Pd3.0Au3.0 


no change 


no change 


Ag99.8Pd0.1Cr0.1 


no change 


no change 


Ag98.4Pd0.lCr 1.5 


no change 


no change 


Ag96.9Pd0.1Cr3.0 


no change 


no change 


Ag98.4Pdl.5Cr0.1 


no change 


no change 


Ag97.0Pdl.5Crl. 5 


no change 


no change 


Ag95.5Pdl.5Cr3.0 


no change 


no change 


Ag96.9Pd3.0Cr0.1 


no change 


no change 


Ag95.5Pd3.0Crl. 5 


no change 


no change 


Ag94.0Pd3.0Cr3.0 


no change 


no change 


Ag99.8Pd0.1Ta0.1 


no change 


no change 


Ag98.4PdO.lTal, 5 


no change 


no change 


Ag96.9Pd0.1Ta3.0 


no change 


no change 
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Ag98.4Pdl.5Ta0.1 


no change 


no change 


Ag97.0Pdl.5TaL5 


no change 


no change 


Ag95.5Pdl.5Ta3,0 


no change 


no change 


Ag96.9Pd3,0Ta0.1 


no change 


no change 


Ag95.5Pd3.0Tal.5 


no change 


no change 


Ag94.0Pd3.0Ta3.0 


no change 


no change 


Ag99.8PdO,lMo0.1 


no change 


no change 


Ag98.4PdO.lMol. 5 


no change 


no change 


Ag96.9Pd0.1Mo3.0 


no change 


no change 


Ag98.4Pdl.5Mo0.1 


no change 


no change 


Ag97.0Pdl.5MoL5 


no change 


no change 


Ag95.5Pdl.5Mo3.0 


no change 


no change 


Ag96.9Pd3.0Mo0.1 


no change 


no change 


Ag95.5Pd3.0Mol.5 


no change 


no change 


Ag94.0Pd3,0Mo3.0 


no change 


no change 


Ag98.4Pd0.1Ni0.1 


no change 


no change 


Ag98.4PdO.lNil. 5 


no change 


no change 


Ag96.9Pd0.1Ni3.0 


no change 


no change 


Ag98.4Pdl.5Ni0.1 


no change 


no change 


Ag97.0Pdl.5Nil. 5 


no change 


no change 


Ag95.5Pdl.5Ni3.0 


no change 


no change 


Ag96.9Pd3,0Ni0.1 


no change 


no change 


Ag95.5Pd3.0Nil. 5 


no change 


no change 


Ag94.0Pd3.0Ni3.0 


no change 


no change 


Ag99,8Pd0.1A10.1 


no change 


no change 


Ag98.4Pd0.1A11.5 


no change 


no change 


Ag96.9Pd0.1A13.0 


no change 


no change 


Ag98,4Pdl.5A10.1 


no change 


no change 


Ag97.0Pdl.5All. 5 


no change 


no change 


Ag95.5Pdl.5A13,0 


no change 


no change 


Ag96.9Pd3.0A10.1 


no change 


no change 


Ag95.5Pd3.0All. 5 


no change 


no change 


Ag94.0Pd3.0A13.0 


no change 


no change 


Ag99.8Pd0.1Nb0.1 


no change 


no change 


Ag98.4Pd0.lNbl. 5 


no change 


no change 
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Ag96.9Pd0.1Nb3.0 


no change 


no change 


Ag98.4Pdl.5Nb0.1 


no change 


no change 


Ag97.0Pdl.5Nbl. 5 


no change 


no change 


Ag95.5Pdl.5Nb3.0 


no change 


no change 


Ag96.9Pd3.0Nb0.1 


no change 


no change 


Ag95.5Pd3.0Nb 1.5 


no change 


no change 


Ag94.0Pd3.0Nb3.0 


no change 


no change 


Ag99.8Ru0.1Au0.1 


no change 


no change 


Ag98.4RuO.lAul. 5 


no change 


no change 


Ag96.9Ru0.1Au3.0 


no change 


no change 


Ag98.4Rul.5Au0.1 


no change 


no change 


Ag97.0Rul.5Aul. 5 


no change 


no change 


Ag95.5Rul.5Au3.0 


no change 


no change 


Ag96.9Ru3.0Au0.1 


no change 


no change 


Ag95.5Ru3.0Aul. 5 


no change 


no change 


Ag94.0Ru3.0Au3.0 


no change 


no change 


Ag99.8Pd0.1Ru0.1 


no change 


no change 


Ag98.4Pd0.lRul. 5 


no change 


no change 


Ag96.9Pd0.1Ru3.0 


no change 


no change 


Ag98.4Pdl.5Ru0.1 


no change 


no change 


Ag97.0Pdl.5Rul. 5 


no change 


no change 


Ag95.5Pdl.5Ru3.0 


no change 


no change 


Ag96.9Pd3.0Ru0.1 


no change 


no change 


Ag95.5Pd3.0Rul.5 


no change 


no change 


Ag94.0Pd3.0Ru3.0 


no change 


no change 


AgAuX 


Table 5 Continued 




Material 


Results of high temperature and high humidity tests 


composition (wt%) 


Change in chemical 


Visual change to a dull 




characteristics (decrease in 


white color, detachment 




reflection index) 


from the substrate 


Ag98.0Au2.0 


many black stains 


detachment occured 


Ag97.0Au3.0 


moderate black stains 


detachment occured 
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Ag99.8Au0.1Cu0.1 


no change 


no change 


Ag99.4Au0.5Cu0.1 


no change 


no change 


Ag98.1Au0.9Cul.O 


no change 


no change 


Ag98.9Aul.0Cu0.1 


no change 


no change 


Ag97.9Au2.0Cu0.1 


no change 


no change 


Ag96.9Au3.0Cu0.1 


no change 


no change 


Ag96.5Au3.0Cu0.5 


no change 


no change 


Ag94.0Au3.0Cu3.0 


no change 


no change 


Ag99.8Au0.1Ti0.1 


no change 


no change 


Ag99.4Au0.5Ti0.1 


no change 


no change 


Ag98.1Au0.9Til.O 


no change 


no change 


Ag98.9AuL0Ti0.1 


no change 


no change 


Ag97.9Au2.0Ti0.1 


no change 


no change 


Ag96.9Au3.0Ti0.1 


no change 


no change 


Ag96.5Au3.0Ti0.5 


no change 


no change 


Ag94.0Au3.0Ti3.0 


no change 


no change 


Ag99.8Au0.1Cr0.1 


no change 


no change 


Ag98.4AuO.lCrl. 5 


no change 


no change 


Ag96.9Au0.1Cr3.0 


no change 


no change 


Ag98.4Aul.5Cr0.1 


no change 


no change 


Ag97.0Aul.5Crl. 5 


no change 


no change 


Ag95.5Aul.5Cr3.0 


no change 


no change 


Ag96.9Au3.0Cr0.1 


no change 


no change 


Ag95.5Au3.0Crl. 5 


no change 


no change 


Ag94.0Au3.0Cr3.0 


no change 


no change 


Ag99.8Au0.1Ta0.1 


no change 


no change 


Ag98.4Au0.1Tal.5 


no change 


no change 


Ag96.9Au0.1Ta3.0 


no change 


no change 


Ag98.6AuL5Ta0.1 


no change 


no change 


Ag97.0Aul.5Tal. 5 


no change 


no change 


Ag95.5Aul.5Ta3.0 


no change 


no change 


Ag96.9Au3.0Ta0.1 


no change 


no change 


Ag95.5Au3.0Tal. 5 


no change 


no change 


Ag94.0Au3.0Ta3.0 


no change 


no change 
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Agyy.oAuu.iiviou.i 


no change 


no change 


Agyo.4AuU. 1 MOl .D 


no change 


no change 


Agyo.yAuU. 1 MOJ.U 


no change 


no change 


Agyo.4AUl OiVlOU. 1 


no change 


no change 


A <^A'7 A A 11 1 <A/fy-*1 ^ 

Agy /.UAul .DMol 


no change 


no change 


Agyj.DAUl .->JVlOJ.U 


no change 


no change 


AgyD.yAui.UMoU. 1 


no change 


no change 


Ag95 .5 Au3 .UMo 1 .5 


no change 


no change 


Ag94 . 0 Au3 . 0 Mo3 . 0 


no change 


no change 


Ag99.8AuO.lJN 1(1.1 


no change 


no change 


A ^(\0 A A A 1 XT- 1 C 

Ag98.4AuO.lNil .5 


no change 


no change 


A —AZ" A A A 1 XTJO A 

Ag96.9Au0.1Nii.U 


no change 


no change 


A ~ A O y1 A 1 CXTIA 1 

Ag9 8 . 4 Au 1 . 5 N lO . 1 


no change 


no change 


Ag97.0Aul .5Nil.5 


no change 


no change 


Ag95.5Aul.5Ni3.0 


no change 


no change 


Ag96.9Au3,0Ni0.1 


no change 


no change 


Ag95.5Au3.0Nil. 5 


no change 


no change 


A A /f A A ^ AXT'O A 

Ag94.0Au3 .0Ni3 .0 


no change 


no change 


Ag99.8Au0.1A10,l 


no change 


no change 


Ag98.4Au0.1A11.5 


no change 


no change 


A A /\ 1 A 1 A 

Ag96.9AuO. 1 A13 .0 


no change 


no change 


Ag98.4Aul.5A10.1 


no change 


no change 


Ag97.0Aul.5All. 5 


no change 


no change 


Ag95.5Aul.5A13.0 


no change 


no change 


A A^ A A ■-'^ A A 1A 1 

Ag9o.9Au3 .OAIO. 1 


no change 


no change 


Ag9 5 . 5 Au3 . 0 Al 1 . 5 


no change 


no change 


Ag94.0Au3 .0A13 .0 


no change 


no change 


Ag99.8Au0.1ND0.1 


no change 


no change 


A AO yl A A 1 XTl_ 1 C 

Ag98.4AuO.lNb 1.5 


no change 


no change 


A A ✓* A A A 1 Tv O f\ 

Ag9 6 . 9 AuO . 1 N b3 . 0 


no change 


no change 


Ag98.4Au 1 .5NbO. 1 


no change 


no change 


Agy / .UAul .DJNbl.D 


no change 


no change 


Ag95.5Aul.5Nb3.0 


no change 


no change 


Ag96.9Au3.0Nb0.1 


no change 


no change 


Ag95.5Au3.0Nbl. 5 


no change 


no change 


Ag94.0Au3.0Nb3.0 


no change 


no change 
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AgRuX 



Table 5 Continued 



\/f of pfi q1 
k^U 111 L/\J o 1 Ll Wll \YV\./\JJ 


Results of high temperature and high humidity tests 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull 
white color, detachment 
from the substrate 


Ag98.0Ru2.0 


many black stains 


detachment occured 


Ag97.0Ru3.0 


moderate black stains 


detachment occured 


Ag99.8Ru0.1Cu0.1 


no change 


no change 


Ag99.4Ru0.5Cu0.1 


no change 


no change 


Ag98.1Ru0.9Cul.O 


no change 


no change 


Ag98.9RuL0Cu0.1 


no change 


no change 


Ag97.9Ru2.0Cu0.1 


no change 


no change 


Ag96.9Ru3.0Cu0.1 


no change 


no change 


Ag96.5Ru3.OCuO. 5 


no change 


no change 


Ag94.0Ru3.0Cu3.0 


no change 


no change 


Ag99.8Ru0.1Ti0.1 


no change 


no change 


Ag99.4Ru0.5Ti0.1 


no change 


no change 


Ag98.1Ru0.9TiL0 


no change 


no change 


Ag98.9Rul.0Ti0.1 


no change 


no change 


Ag97.9Ru2.0Ti0.1 


no change 


no change 


Ag96.9Ru3.0Ti0.1 


no change 


no change 


Ag96.5Ru3.OTiO. 5 


no change 


no change 


Ag94.0Ru3.0Ti3.0 


no change 


no change 


Ag99.8Ru0.1CrO,l 


no change 


no change 


Ag98.4RuO.lCrl. 5 


no change 


no change 


Ag96,9Ru0.1Cr3.0 


no change 


no change 


Ag98.4Rul.5Cr0.1 


no change 


no change 


Ag97.0Rul.5Crl. 5 


no change 


no change 


Ag95.5Rul.5Cr3.0 


no change 


no change 


Ag96.9Ru3.0CrO,l 


no change 


no change 


Ag95,5Ru3.0Crl.5 


no change 


no change 


Ag94.0Ru3.0Cr3.0 


no change 


no change 


Ag99.8Ru0.1Ta0.1 


no change 


no change 


Ag98.4RuO.lTal. 5 


no change 


no change 
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Ag96.9Ru0.1Ta3.0 


no change 


no change 


Ag98.4Rul.5Ta0.1 


no change 


no change 


Ag97,0Rul.5Tal.5 


no change 


no change 


Ag95.5Rul.5Ta3.0 


no change 


no change 


Ag96.9Ru3.0Ta0.1 


no change 


no change 


Ag95.5Ru3.0Tal. 5 


no change 


no change 


Ag94.0Ru3.0Ta3.0 


no change 


no change 


Ag99.8Ru0.1Mo0.1 


no change 


no change 


Ag98,4Ru0.1Mol.5 


no change 


no change 


Ag96.9Ru0.1Mo3.0 


no change 


no change 


Ag98.4Rul,5Mo0.1 


no change 


no change 


Ag97.0Rul.5Mol. 5 


no change 


no change 


Ag95.5Rul.5Mo3.0 


no change 


no change 


Ag96.9Ru3.0Mo0.1 


no change 


no change 


Ag95.5Ru3.0Mol. 5 


no change 


no change 


Ag94,0Ru3.0Mo3.0 


no change 


no change 


Ag99.8Ru0.1Ni0.1 


no change 


no change 


Ag98.4Ru0.lNil. 5 


no change 


no change 


Ag96.9Ru0.1Ni3.0 


no change 


no change 


Ag98.4Rul.5Ni0.1 


no change 


no change 


Ag97.0Rul.5NiL5 


no change 


no change 


Ag95.5Rul.5Ni3.0 


no change 


no change 


Ag96.9Ru3.0Ni0.1 


no change 


no change 


Ag95.5Ru3.0Ni 1,5 


no change 


no change 


Ag94.0Ru3.0Ni3.0 


no change 


no change 


Ag99.8Ru0.1A10.1 


no change 


no change 


Ag98.4Ru0.1A11.5 


no change 


no change 


Ag96.9Ru0.1A13.0 


no change 


no change 


Ag98.4Rul.5AI0.1 


no change 


no change 


Ag97.0Rul.5All. 5 


no change 


no change 


Ag95.5Rul.5A13.0 


no change 


no change 


Ag96.9Ru3.0A10.1 


no change 


no change 


Ag95.5Ru3.0All. 5 


no change 


no change 


Ag94.0Ru3.0A13.0 


no change 


no change 
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Ag99.8Ru0.1Nb0.1 


no change 


no change 


Ag98.4RuO.lNbl. 5 


no change 

2 


no change 


Ag96.9Ru0.1Nb3.0 


no change 


no change 


Ag98.4Rul.5Nb0.1 


no change 


no change 


Ag97.0Rul.5Nbl. 5 


no change 


no change 


Ag95.5Rul.5Nb3.0 


no change 


no change 


Ag96.9Ru3.0Nb0.1 


no change 


no change 


Ag95.5Ru3.0Nbl. 5 


no change 


no change 


Ag94.0Ru3.0Nb3.0 


no change 


no change 



[00771 As shown in Table 5^ no change was observed with the 
ternary Ag-alloy reflecting layers after 24 hours- When the 
reflection index of the ternary reflecting layer on the 
5 various resin substrates was measured by a 

spectrophotometer, no decrease in reflection index was 
observed at the optical wavelength of 565 nm, which is 
useful for reflection-type liquid crystal display devices, 
and in the optical wavelength regions from 400nm to 4|im, 
10 which is required for building glass (data not shown) . 

[0078] The ternary reflecting layers of the present invention 
proved to have high chemical stability against resin and to 
be not limited to a particular substrate material unlike 
15 conventional layers. 

Example 4 

[0079] Adhesion between the ternary reflecting layers of the 
20 present invention and various substrates and the effect of 

the base film^. which was placed between the reflecting layer 
and the substrate, on the adhesion were examined. 

[00801 Firstly, the reflecting layers were deposited 
25 directly on the substrates of PMMA, PET, PC, silicone, 
acrylic resin, non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass by RF sputtering to 



46 



form a laminate. A JIS (Japanese Industrial Standard) 
cellophane tape was attached to the reflecting layer. The 
detachment of the reflecting layer from the substrate when 
the tape was stripped of at given tension was observed. In 
5 addion, the laminate was diced with a cutter and dipped in 
pure water in a beaker. Ultrasonic waves were applied to 
the pure water. The frequency of the ultrasonic waves was 
50KHZ and the electric power was lOOW. After the 
application of the ultrasonic waves, detachment of the 
10 reflecting layer was observed under a x4 0 microscope and 
the necessity of the base film was examined. 

[0081] No detachment was observed with PMMA, PET, PC, 
silicone, and acrylic resin. The reflecting layer of the 
15 present invention was much more adhesive to the resin 
substrates compared with conventional layers of Al, Al 
alloy, Ag, or Ag alloy. 

[0082] On the other hand, partially or extensive detachment 
20 was observed ^With non-alkali glass, low-alkali glass, 

borosilicate glass, and quartz glass. The reflecting layer 
of the present invention had poor adhesion to the glass 
substrates although the degree of detachment is different 
in cases (data not shown) . 

25 

[0083] Secondarily, to improve adhesion of the reflecting 
layer to the glass substrate or to attain high reflecting 
performance without impairing the reflection index of the 
reflecting layer, the base film of Si, Ta, Ti, Mo, Cr, Al, 

30 ITO, Zn02, Si02, Ti02^ TasOs, ZrOj, In203, SnOs, Nb205, or MgO 
was applied to the substrates of PMMA, PET, PC, silicone, 
acrylic resin, non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass by RF sputtering. 
Then the ternary reflecting layer of the present invention 

35 was deposited on the base film by RF sputtering to form a 
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laminate. A strip of JIS cellophane tape was attached to 
the uppermost layer. The detachment of the reflecting 
layer from the substrate when the tape was stripped of at 
given tension was observed as described above. In addition, 

5 the laminate was diced with a cutter and dipped in pure 
water in a beaker. Ultrasonic waves were applied to the 
pure water. The frequency of the ultrasonic waves was 
50KHZ and the electric power was lOOW. After the 
application of the ultrasonic waves, detachment of the 

0 reflecting layer was observed under a x4 0 microscope and 
the effect -of the base film was examined. 



JjOOMlAs shown in Table 6, when the base film was used, no 
detachment was observed whether the reflecting layer was 
15 pure Ag or an Ag alloy. The reflection index of the 
reflecting layer used in the tests was measured by a 
spectrophotometer. Table 7 showed that not only the 
adhesion but also the reflection index were improved when 
a specific base film (TiOg-NhzOs) was used. 

20 

Table 6 



Material 
of base film 


Detachment tests 


5min 


lOmin 


15min 


20min 


In20^ 


no detachment 


no detachment 


no detachment 


no detachment 


SnO, 


no detachment 


no detachment 


no detachment 


no detachment 


Nb,0. 


no detachment 


no detachment 


no detachment 


no detachment 


MffO 


no detachment 


no detachment 


no detachment 


no detachment 


ITO 


no detachment 


no detachment 


no detachment 


no detachment 


ZnO, 


no detachment 


no detachment 


no detachment 


no detachment 


SiO, 


no detachment 


no detachment 


no detachment 


no detachment 


TiO, 


no detachment 


no detachment 


no detachment 


no detachment 


TaoO^ 


no detachment 


no detachment 


no detachment 


no detachment 


ZtOo 


no detachment 


no detachment 


no detachment 


no detachment 


Si 


no detachment 


no detachment 


no detachment 


no detachment 


Ta 


no detachment 


no detachment 


no detachment 


no detachment 


Ti 


no detachment 


no detachment 


no detachment 


no detachment 


Mo 


no detachment 


no detachment 


no detachment 


no detachment 


Cr 


no detachment 


no detachment 


no detachment 


no detachment 


Al 


no detachment 


no detachment 


no detachment 


no detachment 
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Table 7 



Material 


wavelength 


wavelength 


wavelength 


wavelength 


wavelength 1 




400.00 


450.00 


500.00 


550.00 


565.00 




nm 


nm 


nm 


nm 


nm 




reflection 


reflection 


reflection 


reflection 


reflection 




index 


index 


index 


index 


index 




(%) 


(%) 


(%) 


(%) 


(%) 


pure Ag 


94.80 


96.60 


97.70 


97.90 


98.00 


AgPd 


92.30 


94.05 


95.12 


95.32 


95.42 


A aPHPn 


91 50 


92 40 




94.10 


93.36 


AgPdTi 


o o r\f\ 

88.90 


90.59 


91.62 


A 1 O 1 

91.81 


A 1 A A 

91 .90 


AgPdCr 


88.40 


90.08 


A 1 11 


A 1 OA 

y 1 .zy 


A 1 1Q 

y 1 .Jo 


AgPdTa 


88.30 


89.98 


91,00 


91.19 


91.28 


AgPdMo 


88.00 


89.67 


90.69 


90.88 


90.97 




88 20 


89 77 


90.89 


90.98 


91.17 


A aPH A 1 




00 4.0 


91 ^1 


01 70 


91 79 


AffPdNb 


88.80 


90.38 


91.51 


91.60 


91.79 


A cr A n 


92 80 


94 S6 


95.64 


95.83 


95.93 


AgAuCu 




y4.zz 


Q<; oo 
y D.zy 


0^ AQ 


y D.Do 


AgAU 1 1 


00.44 


yu. iz 


Q 1 1 ^ 

y 1 . 1 D 


y 1 .DD 


y 1 .43 


AgAucr 


oo.DD 


OA O /i 


Q 1 07 

y 1 .z / 


y 1 .40 


y 1-00 


AgAU 1 a 


oo. jU 


CO QC 

oy .yo 


Q 1 OA 

y 1 .uu 


Q 1 1 Q 

y 1 . 1 y 


01 OS 

y 1 .Zo 


AgAuNi 


88.00 


89.67 


90.69 


90.88 


90.97 


A. /T A 1 1 N /I 

AgAUlYlO 


oo. 1 U 


oy. / / 


on sn 
yu.ou 


QO 

yu.y o 


01 07 

y 1 .1/ / 


AgAurCl 


oy.uu 


on /^o 

yu.oy 


y 1 . /z 


y 1 .y 1 


QO AA 

yz.uu 


AgAuAl 


OO. /U 


OA '20 


y 1 .4 1 


Q 1 ^A 

y i .ou 


0 1 AO 

y 1 .oy 


AgAuNb 


oiS.OU 


OA O C 


Q 1 '2 1 

y 1 . J 1 


O 1 ^ A 

y 1 . Du 


0 1 <o 

y 1 . jy 


AgRu 


oy.uu 


OA /CO 

yu.oy 


Q 1 70 

y 1 . /z 


y 1 .y 1 


00 00 

yz.uu 


AgKuCU 




OA 1 '2 

yu. 1 i 


y 1 . 1 0 


0 1 1A 

y 1 .J4 


Q 1 A A 

y 1 .44 


AgRuTi 


88.34 


90.02 


91.04 


91.23 


91.32 


AgRuCr 


88.76 


90.45 


91.48 


91.66 


91.76 


AgRuTa 


88.23 


89.91 


90.93 


91.12 


91.21 


AgRuNi 


87.80 


89.47 


90.49 


90.67 


90.76 


AgRuMo 


88.44 


90.12 


91.15 


91.33 


91.43 


AgRuPd 


87.67 


89.34 


90.35 


90.54 


90.63 


AgRuAl 


88.97 


90.66 


91.69 


91.88 


91.97 


AgRuNb 


87.98 


89.65 


90.67 


90.86 


90.95 



[0085] Particularly, the base films of Ti02, Ta205, Zr02, 
1^203, S-ri02, Nb205, and Mg had high refraction indices 
5 and low absorptivit ies , as represented by In203-Nb205 in 
Table 8. Changes in optical characteristics based on 
the refraction index were prevented in these films. 
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Table 8 







In^O^- 










15wt%Nb2 


I2.5wt%Nb2 


1 0wt%Nb2O 


7.5wt%Nb2 


5wt%Nb205 




O5 


O5 


5 


O5 






refraction 


refraction 


refraction 


refraction 


refraction 




index 


index 


index 


index 


index 


400 


2.34 


2.32 


2.34 


2.30 


2.34 


450 


2.26 


2.25 


2.26 


2.23 


2.26 


500 


2.22 


2.21 


2.21 


2.18 


2.20 


550 


2.19 


2.18 


2.18 


2.16 


2.17 


560 


2.19 


2.18 


2.17 


2.15 


2.17 



Example 5 

5 [00861 The effect of a coating layer on heat resistance 
and reflection index of the reflecting layer was 
examined. On the conventional Ag reflecting layers 
(pure Ag or binary Ag alloy) or the ternary reflecting 
layers of the present invention, a coating layer that 

10 includes In203 as a main component and at least one of 
SnOz, Nb205, Si02, MgO and Ta205 was deposited to form a 
laminate. The laminate was annealed at the temperature 
250 which is the temperature applied to the 

substrate during the manufacturing process of the 

15 liquid crystal display device. 

r0087] Without a coating layer, the optical absorptivity 
of reflecting layer increased after annealing, which 
led to deterioration of the layer, as shown in Table 9. 
20 The experimental data of optical absorptivity when the 
coating layer was used for heat resistance were shown 
in Tables 10 to 12. 
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Table 9 



without a coating layer 



Material 


anneal 


as-depo 


wave- 
1 en gin 
400 nm 


wave- 

icngtn 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


pure 


5.2 


3.6 


2 8 


? 9i 


1 Q 


J 


J .Zr 


9 1 


9 fi 


1 ft 

1 .o 


/Vgr'a 


6 4 




U.J 


J.J 


J . 1 


fi n 


J . ^ 


fi 1 


^ 4 

J .H- 


J .u 






S 7 


VJ . J 


^ ft 

J . o 


J.J 


fi ^ 

D.J 


^ fi 

J .o 


fi 9 

O.Z 


^ 7 

J . / 


J . 1 


A (TpHTi 
/VgrQ 1 1 






fi (\ 


^ 7 
J . / 


J .J 


fi 7 
o . / 


^ ft 
J . o 


fi 4 

O.f 


^ fi 
J .o 


J .J 


A rrPHPr 


u . o 




\J .J} 


^ 7 

J . / 


J .J 


fi fi 
o.o 


^ ft 

J.O 


fi 

O.J 


J . J 


J .u 


A rrPrnTci 


U.Q 


s ft 


o.o 


<; ft 

J . o 


J.J 


fi A 

D.4 


J.J 


fi 

O.J 


fi 

J.O 


J.U 


A rrPrl'Nyf r» 

/Vgr QIVIO 






^ 4 


J . J 


J.J 


fi fi 
O.O 


fi 7 
O. / 


fi 

O.J 


J . J 


^ 9 
J .Z 


A frPrlXTi* 


O. / 


^ 7 
J. / 


^ 7 
O.Z 


c c 
J.J 


J. 4 


fi A 
0.4 


^ 7 
J. / 


J.y 


J.J 


C 1 

J. 1 


A frTyrt A 1 


o.o 


o.o 


O.^t 


^ 

J .J 


7 

J.Z 


O.J 


O.J 


A 7 
O.Z 


J .J 


J . 1 


Agr^aJND 


O. / 


^ ft 

J .o 


f, T 
O.J 


J. / 


J. 1 


O.J 


J, / 


O.J 


< A 

J .4 


A Q 

4.y 


AgAu 




J .J 


A 7 
O.Z 


D.J 


j.U 


O.U 


J. 1 


O.U 


J.Z 


J.U 


AgAuCu 


n A 
/.4 


o. / 




O.Z 


O.Z 


T 1 


O.J 




o. 1 


O.U 


AgAuTi 


O.O 


^ ft 
D .5 


0.4 


J. / 


J.J 


0.4 


J.Z 


O.J 


J.O 


J.Z 


AgAuCr 


o.o 




0.0 


^ ft 
J.O 


J.J 


0. / 


< ft 
J.O 


0.4 


J.O 


J.J 


AgAuTa 


o.y 




O.J 


J. / 


^ '2 
J.J 


o.o 


J.O 


O, J 


J.O 


J.Z 


AgAuNi 


0.0 


^ Q 


O.J 


D. / 


J. 4 


O.J 


J.O 


0. 1 


J.O 


J.Z 


AgAuMo 


o. / 


o.o 


0.4 


J.O 


J. 4 


o.o 


o. / 


c o 
O.J 


c ^ 
J.J 


J.Z 


AgAura 




O.J 


'7 ^; 
J .J 


O.J 


O.Z 


/.I 


< 1 

o. 1 


n c\ 
1 ,\j 


O.Z 


O.U 


A y-r A A 1 

AgAuAl 


A 7 
O. / 


7 
0. / 


O.D 


J.O 


^ A 

J .4 


0.0 


O.J 


fi 1 
O.J 


c c 
J.J 


J.Z 


A rr A nXTK 

AgAUJN D 


ft 

o.o 




0.4 


J. / 


J .z 


o.o 


^ ft 

J.O 


O.J 


J .J 


J.U 


AgKu 


\j . .J 






J.J 


^ 7 


fi 1 

O • 1 


J . 1 


fi 0 
O.U 


J .J 


< 1 
J . 1 


A aP iiPn 


6.8 


5.9 


6.4 


5,7 


5,2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuTi 


6.7 


5.9 


6.5 


5.6 


5.2 


6.6 


5.8 


6.3 


5.5 


5.0 


AgRuCr 


6.7 


5.9 


6.6 


5.7 


5.3 


6.5 


5.7 


6.3 


5.5 


5.0 


AgRuTa 


6.5 


5.8 


6.7 


5.7 


5.2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuNi 


7.3 


6.6 


7.5 


6.3 


6.3 


7.1 


6.4 


7.0 


6.1 


6.0 


AgRuMo 


7.3 


6.8 


7.3 


6.2 


6.2 


7.1 


6.3 


7.1 


6.1 


6.0 


AgRuPd 


6.7 


6.8 


6.4 


5.5 


5.3 


6,6 


6.6 


6.2 


5.4 


5.2 


AgRuAl 


6.8 


6.9 


6.4 


5.6 


5.3 


6.6 


6.7 


6.3 


5.5 


5.2 


AgRuNb 


6.8 


6.9 


6.3 


5.6 


5.4 


6.5 


6.6 


6.1 


5.5 


5.2 
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Table 10 



SiOz/Ag alloy 



Material 


Si02 anneal 


Si02 as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(Vo) 


absorp- 
tivity 

(Vo) 


absorp- 
tivity 


absorp- 
tivity 


absorp- 
tivity 
\ /o; 


pure Ag 


26.5 


11.65 


4.92 


4.72 


5,02 


34.5 


16.64 


5.81 


5.71 


5.05 


AgPd 


26.8 


12,59 


5.68 


5.23 


6.96 


27.8 


14.59 


8.68 


6.23 


8.98 


AgPdCu 


27.09 


13.06 


8.94 


6.77 


6.28 


35.8 


18.64 


11.91 


8.74 


8.05 


AgPdTi 


36.5 


17.54 


11.45 


8.58 


7.59 


36.8 


17.68 


11.85 


8,76 


8.00 


AgPdCr 


35.5 


18.45 


10.59 


8.58 


7.96 


35.9 


18.65 


10.69 


8,75 


8.04 


AgPdTa 


36.1 


18.44 


11.34 


8.50 


7.58 


36.2 


18.54 


11.54 


8,54 


8.02 


AgPdMo 


36.4 


18.57 


11.15 


8.41 


7.21 


36.5 


18.67 


11.59 


8,45 


7.25 


AgPdNi 


35.78 


18.21 


11.07 


8.29 


7.37 


36.29 


18.55 


10.94 


8,25 


7.11 


AgPdAl 


35.89 


18.15 


10.8 


8.33 


7.64 


36.58 


18.41 


11.39 


8,42 


7.76 


AgPdNb 


35.88 


18.13 


10.86 


8.29 


6.93 


36.99 


18.53 


11.08 


8.26 


7 1 


AgAu 


26.2 


12.31 


5.50 


5.10 


7.99 


27.7 


14.45 


8.52 


6.12 


8.85 


AgAuCu 


36.1 


17.53 


11.45 


8.58 


7.25 


36.5 


18.66 


1 1 ,25 


8.25 


7 "^6 


AgAuTi 


35.4 


18.40 


10.59 


8.58 


7.96 


36.3 


17.67 


1 1 ,80 


O . / J 




AgAuCr 


36.0 


18.32 


11.34 


8.50 


7.58 


36.2 


18.64 


10.25 


8.75 


8 04 


AgAuTa 


36.3 


18.44 


11.15 


8.41 


7.21 


36.5 


18.53 






R on 


AgAuNi 


36.0 


18.31 


11.32 


8.50 


7.58 


'?6 4 


1 8 66 




R 41 




AgAuMo 


36.0 


18.35 


11.58 


8.50 


7 58 




1 7 6^ 


1 1 R4 

11.0*+ 


O . f D 


R on 


AgAuPd 


36.3 


18.58 


11,14 


8.41 


7.21 


37.0 


1 61 

1 O . V i 


10 71 


R 74 


R 09 


AgAuAI 


36.1 


18.24 


11.05 


8.45 


7.85 


36.7 


18.51 


11.52 


8.56 


8.00 


AgAuNb 


36.1 


18.25 


11.11 


8.41 


7.14 


37.1 


18.62 


11.21 


8.41 


7.24 


AgRu 


26.5 


12.45 


5,55 


5.25 


7.96 


27,7 


14.59 


8.75 


6,35 


8.99 


AgRuCu 


36.0 


17.52 


11.45 


8.58 


7.25 


36.4 


17.66 


11.81 


8.73 


7.56 


AgRuTi 


35.3 


18.49 


10.59 


8.58 


7.96 


36.2 


18.64 


10.24 


8.75 


7.35 


AgRuCr 


35.8 


18.30 


11.34 


8.50 


7.58 


36,1 


18.52 


11.55 


8.54 


8.00 


AgRuTa 


36.2 


18.42 


11.15 


8.41 


7.21 


36,4 


18.65 


11.21 


8.42 


7.52 


AgRuNi 


36.1 


18.35 


11.33 


8.50 


7.58 


36.9 


17.64 


11.84 


8.71 


8.01 


AgRuMo 


36.1 


18.34 


11.58 


8.50 


7.58 


36.8 


18.60 


10.22 


8.72 


8.02 


AgRuPd 


36.2 


18.59 


11.28 


8.41 


7.21 


37.1 


18.50 


11.51 


8,51 


7.96 


AgRuAI 


36.3 


18.55 


11.18 


8.41 


7.21 


36.5 


18.61 


11.20 


8,42 


7.24 


AgRuNb 


36.5 


18.24 


11.11 


8.41 


7.21 


37.2 


18.41 


10.12 


8.85 


8.12 
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Table 1 1 



InzOa-lSNbaOs/Ag alloy 



Material 


Hi-R anneal 


Hi-R as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%□ 


absorp- 
tivity 
{%) 


absorp- 
tivity 
(%) 


pure Ag 


13.27 


3.48 


2.57 


2.35 


2.25 


19.84 


7.03 


3.21 


4.28 


4.24 


AgPd 


15.77 


5.34 


3.93 


3.90 


3.802 


22.15 


8.83 


4.57 


5.80 


5,78 


AgPdCu 


16.57 


6.24 


4.67 


4.68 


4.49 


22.89 


9.69 


5.30 


6.56 


6.43 


AgPdTi 


19.17 


9.16 


7.64 


7.65 


7.47 


25.29 


12.51 


8.25 


9.47 


9.35 


AgPdCr 


19.67 


9,72 


8.21 


8.22 


8.04 


25.75 


13.05 


8.82 


10.03 


9.91 


AgPdTa 


19.77 


9.84 


8.33 


8.34 


8.15 


25.85 


13.16 


8.93 


10.14 


10.02 


AgPdMo 


20.07 


10.17 


8.67 


8.68 


8.50 


26.12 


13.48 


9.27 


10.48 


10.36 


AgPdNi 


19.85 


10.07 


8.42 


8.47 


8.31 


26.01 


13.37 


9.01 


10.33 


10.22 


AgPdAl 


19.16 


9.3 


7.63 


7.75 


7.49 


25.36 


12.63 


8.36 


9.56 


9.34 


AgPdNb 


19.25 


9.38 


7.73 


7.87 


7.6 


25.46 


12.74 


8.46 


9.66 


9.54 


AgAu 


15.27 


4.78 


3.18 


3.19 


3.00 


21.69 


8 98 

o . ^o 


3 89 


5 1 0 


4 Q8 
t . o 


AgAuCu 


15.61 


5.16 


3.57 


3.58 


3 39 


22.00 


8 65 


4 9 1 


5 48 
J .to 


5 '56 

J.JO 


AgAuTi 


19.63 


9.68 


8.17 


8 1 R 


7 9Q 


25 77 


1 3 01 


8 78 

o. / O 




0 87 
y .o I 


AgAuCr 


19.51 


9.54 


8.03 


8.04 


1 86 




1 9 88 
1 ^ . o o 


8 64 


0 85 


y , f D 


AgAuTa 


19.77 


9.84 






8 1 S 


2S 85 






10 14 


1 0 09 


AgAuNi 


20.07 


10,17 


8.67 


8,68 


8 SO 




1 48 


Q 97 


1 0 AR 
1 V/ .to 


10^6 


AgAuMo 


19.97 


10.06 


8.56 




8 38 

O.JO 


96 03 


L D .J I 


0 1 6 


1 0 '^7 


10 9 5 


AgAuPd 


19.07 


9,05 


7.53 


7,54 


7 35 


95 90 


1 9 40 


8 1 4 




0 94 


AgAuAl 


19.37 


9.39 


7.87 


7.88 


7 70 


95 48 


1 9 79 


8 48 
o .to 


0 70 


i'- J o 


AgAuNb 


19.47 


9.50 


7.98 


7.99 


7.81 


25.57 


12.83 


8.59 


9.81 


9.69 


AgRu 


19.07 


9.05 


7.53 


7.54 


7.35 


25.20 


12.40 


8.14 


9.36 


9.24 


AgRuCu 


19.62 


9.67 


8.16 


8.16 


7.98 


25.71 


12.99 


8.76 


9.98 


9.86 


AgRuTi 


19.73 


9.79 


8.28 


8.29 


8.11 


25.81 


13.11 


8.89 


10.10 


9.98 


AgRuCr 


19.31 


9.32 


7.80 


7.81 


7.63 


25.42 


12.66 


8.41 


9.63 


9.51 


AgRuTa 


19.84 


9.92 


8.41 


8.42 


8.23 


25.91 


13.23 


9.01 


10.22 


10.10 


AgRuNi 


20.27 


10.40 


8.90 


8.91 


8.73 


26.31 


13.70 


9.50 


10.70 


10.58 


AgRuMo 


19.63 


9.68 


8.17 


8.18 


7.99 


25.72 


13.01 


8.78 


9.99 


9.87 


AgRuPd 


20.40 


10.55 


9.05 


9.06 


8.88 


26.43 


13.84 


9.65 


10.85 


10.73 


AgRuAl 


19.10 


9,08 


7.56 


7.57 


7.39 


25.23 


12.43 


8.17 


9.39 


9.27 


AgRuNb 


20.09 


10.20 


8.69 


8.70 


8.52 


26.14 


13,50 


9.30 


10.50 


10.38 
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Table 12 



ITO/Ag alloy 



Material 


ITO anneal 


ITO as-depo 1 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
560 nm 


wave- 
length 
ooD nm 


wave- 
length 
4UU nm 


wave- 
length 

llJ V II 111 


wave- 
length 


wave- 
length 

^fiO Tim 


wave- 
length 

fifiR riTTl 

\J Cr XXULL 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 


absorp- 
tivity 


absorp- 
tivity 

('>/!.'\ 


absorp- 
tivity 

\/0} 


absorp- 
tivity 


pure 


ID.OD 


rr.O / 




4.64 


1.82 


19.05 


4.27 


1.77 


1.52 


5.02 




18.06 


7.69 


6.49 


7.47 


4.73 


21.55 


7.23 


4.81 


4.57 


7.95 


AgPdCu 


18.86 


8.59 


7.40 


8.37 


5.66 


22.35 


8.18 


5.78 


5.54 


8.89 


AgPdTi 


21.46 


11.52 


10.37 


11.31 


8.68 


24.95 


11.26 


8.94 


8.71 


11.94 


AgPdCr 


21.96 


12.09 


10.94 


11.87 


9.27 


25.45 


11.85 


9.54 


9.31 


12.53 


AgPdTa 


22.06 


12.20 


11.05 


11.99 


9.38 


25.55 


11-97 


9.67 


9.44 


12.65 


AgPdMo 


22.36 


12.54 


11.40 


12.32 


9.73 


25.85 


12.32 


10.03 


9.80 


13.00 


AgPdNi 


22.14 


12.42 


11.15 


12.11 


9.54 


25.74 


12.21 


9.77 


9.65 


12.86 


AgPdAl 


21.45 


11.66 


10.37 


11.4 


8.64 


25.04 


11.4 


9.07 


8.83 


11.96 


AgPdNb 


21.54 


11.75 


10.46 


11.53 


8.82 


25.14 


11.52 


9.19 


8.92 


12.14 


AsAu 


17.56 


7.13 


5.92 


6.90 


4.15 


21.05 


6.64 


4.20 


3.96 


7.36 


AgAuCu 


17.90 


7.51 


6.30 


7.29 


4.54 


21.39 


7.04 


4.61 


4.37 


7.76 


AgAuTi 


21.92 


12.04 


10.89 


11.83 


9.22 


25.41 


11.80 


9.50 


9.27 


12.48 


AgAuCr 


21,80 


11.91 


10.76 


11.69 


9.08 


25.29 


11.66 


9.35 


9.12 


12.34 


AgAuTa 


22.06 


12.20 


11.05 


11.99 


9.38 


25.55 


11.97 


9.67 


9.44 


12.65 


AgAuNi 


22.36 


12.54 


11.40 


12.32 


9.73 


25.85 


12.32 


10.03 


9.80 


13.00 


AgAuMo 


22.26 


1^.43 


11.28 


12.21 


9.62 


25.75 


12.20 


9.91 


9.68 


12.88 


AgAuPd 


21.36 


11.41 


10.25 


11.19 


8.57 


24.85 


11.14 


8.82 


8.58 


11.83 


AgAuAl 


21.66 


11.75 


10.60 


11.53 


8.92 


25.15 


11.49 


9.18 


8.95 


12.18 


AgAuNb 


21.76 


11.86 


10.71 


11.65 


9.03 


25.25 


11.61 


9.30 


9.07 


12.30 


AgRu 


21.36 


11.41 


10.25 


11.19 


8.57 


24.85 


11.14 


8.82 


8.58 


11.83 


AgRuCu 


21.91 


12.03 


10.88 


11.82 


9.21 


25.40 


11.79 


9.48 


9.25 


12.47 


AgRuTi 


22.02 


12.15 


11.01 


11-94 


9.34 


25.51 


11.92 


9.62 


9.39 


12.60 


AgRuCr 


21.60 


11.68 


10.53 


11.47 


8.85 


25.09 


11.42 


9.11 


8.88 


12.11 


AgRuTa 


22.13 


12.28 


11.13 


12.06 


9.46 


25.62 


12.05 


9.75 


9.52 


12.73 


AgRuNi 


22.56 


12.76 


11.62 


12.55 


9.96 


26.05 


12.56 


10.27 


10.04 


13.23 


AgRuMo 


21.92 


12.04 


10.89 


11.83 


9.22 


25.41 


11.80 


9.50 


9.27 


12.48 


AgRuPd 


22.69 


12.91 


11.77 


12.70 


10.12 


26.18 


12.71 


10.43 


10.20 


13.39 


AgRuAl 


21.39 


11.44 


10.29 


11.23 


8.60 


24.88 


11.17 


8.85 


8.62 


11.86 


AffRuNb 


22.38 


12.56 


11.42 


12.35 


9.75 


25.87 


12.34 


10.05 


9.82 


13.02 



r0088] Table 11 showed that optical absorptivity of the 
reflecting layer was reduced much more after annealing in 
the reflecting layer with the coating layer of the present 
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invention than the reflecting layer without the coating 
layer. The In203-15 wt% NbsO^ coating layer of the present 
invention in Table 11 had lower absorptivity than the SiOs 
coating layer in Table 10 and the ITO coating layer in 
5 Table 12. 

[00891 Table 13 showed that the optical characteristics of a 
three-layer laminate that includes a base film, reflecting 
layer, and a coating layer after annealing at about 250 
10 were similar to those in Tables 9 to 12 . The adhesion of 
the laminate was also as good as the laminate in Table 6. 
The three-layer laminate was superior in both optical 
characteristics and adhesion. 

15 f 0090] The optical characteristics of the three-layer 
laminate was not impaired by through the use of the 
coating layer. On the contrary, when the coating layer 
including InjOs as a main component and 1-30 wt% Nb205 was 
used, reflection index was increased by 1 %-6 % and the 

20 absorptivity /Was lowered after annealing at about 250 "C 
InsOg. Table 14 showed that improved reflection index and 
good optical characteristics can be obtained even when the 
thinner coating layers are used. 
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Table 13 



absorptivity 





InoO,-5wt% Nb,Os 




®no heating 


(D150 °c 


(Dsoo °c 


566 


10.88 


10.24 


15.3 


564 


10.67 


10.04 


15.06 


550 


9.38 


8.829 


13.6 


500 


7.104 


7.071 


8.297 


450 


13.42 


14.38 


7.922 


400 


26.96 


27.49 


19.93 




In,Oa-10wt%Nb,OR 




(3)no heating 


®150 °C 


(D300 °C 




11.13 


12.39 


13.11 




10.91 


12.16 


12.88 




9.639 


10.71 


11.42 


500 


7.113 


7.166 


7.236 


450 


12.72 


11.8 


9.97 


400 


27.29 


26.6 


24.28 




In,0,-15wt%Nb,0s 




®no heating 


(D150 "C 


®300 °C 


566 


15.97 


18.42 


20.29 


564 


15.74 


18.17 


20.04 


550 


14.32 


16.69 


18.63 


50Q 


9.059 


10.57 


12.36 


450 


7.363 


7.168 


7.21 


400 


17.19 


16.56 


13.33 



Table 14 



Change in reflection index of the reflecting layer with the change 



in thickness of the IngOg+NbaOs coating layer 



^thickness 
A [nm] ^\ 


5 nm 


49 nm 


70 nm 


74 nm 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


after 
heating 


556 


92.99 


91 


85.61 


88.68 


83.15 


91.32 


95.27 


554 


92.91 


90.85 


85.62 


88.69 


83.18 


91.29 


95.28 


552 


92.84 


90.74 


85.63 


88.67 


83.2 


91.39 


95.28 


550 


92.92 


90.74 


85.69 


88.72 


83.35 


91.5 


95.33 


500 


90.88 


87.82 


85.22 


88.37 


83.56 


91.47 


95.13 


450 


85.71 


79.83 


82.88 


85.02 


80.93 


87.77 


93.56 


400 


74.72 


70.22 


80.63 


84.96 


79.47 


85.35 


83.23 


^■^jickness 
A [nm] 


85 nm 


90 nm 


100 nm 




before 
heating 


after 
heating 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


556 


86.8 


93.4 


81.44 


91.28 


83.36 


91.97 


554 


86.78 


93.36 


81.47 


91.29 


83.3 


91.97 


552 


86.81 


93.37 


81.5 


91.39 


83.31 


92.04 


550 


86.89 


93.43 


81.61 


91.52 


83.39 


92.14 


500 


86.02 


92.98 


81.96 


92.18 


81.36 


92.04 


450 


81.58 


88.19 


78.5 


88.9 


71.91 


87.01 


400 


74.11 


81.17 


68 


82.7 


39.88 


70.18 



[0091] The present examples and embodiments are to be 
considered as illustrative and not restrictive and the 
invention is not to be limited to the details given herein, 
but may be modified within the scope and equivalence of 
the appended claims. 



